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24. The lol lowing fees are submitted:. 




CALCULATIONS PTO USE ONLY 


BASIC NATIONAL FEE { 37 CFR 1.492 (a) (1) - (5)) : 

IS Neither international preliminary examination fee (37 CFR 1.482) nor 
international search fee (37 CFR 1 .445(a)(2)) paid to USPTO 

and International Search Report not prepared by the EPO or JPO $1000.00 

n International preliminary examination fee (37 CFR 1 482) not paid to 

USPTO but International Search Report prepared by the EPO or JPO $860.00 

n International preliminary examination fee (37 CFR 1.482) not paid to USPTO 

but international search fee (37 CFR 1.445(a)(2)) paid to USPTO $710.00 

□ International preliminary examination fee (37 CFR 1,482) paid to USPTO 

but all claims did not satisfy provisions of PCT Article 33(1 )-(4) $690.00 

□ International preliminary examination fee (37 CFR 1.482) paid to USPTO 

and all claims satisfied provisions of PCT Article 33(l)-(4) $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 




$1,000.00 




Surcharge of $130.00 for furnishing the oath or declaration later than □ 20 □ 30 
months from the earliest claimed priority date (37 CFR 1.492 (e)). 


$0.00 




CLAIMS 


NUMBER FILED 


NUMBER EXTRA 


RATE 




Total claims 


7 -20- 


0 


x $18.00 


$0.00 




Independent claims 


7 - 3 = 


4 


X $80.00 


$320.00 




Multiple Dependent Claims (check if applicable) . 


□ 


$0.00 




TOTAL OF ABOVE CALCULATIONS = 


$1,320.00 




^ Applicant claims small entity status. (See 37 CFR 1.27) The fees indicated above are 
reduced by 1/2 


$660.00 




SUBTOTAL = 


$660.00 




Processing fee of $130.00 for furnishing the English translation later than □ 20 □ 30 
months from the earliest claimed priority date (37 CFR 1.492 (t)) + 


$0.00 




TOTAL NATIONAL FEE 


$660.00 




Fee for recording the enclosed assignment (37 CFR 1.21(h)) The assignment must be ^ 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31) (check if applicable). 


$0.00 




TOTAL FEES ENCLOSED 


$660.00 






Amount to be: 
refunded 


$ 


charged 


$ 



A check in the amount of 



S660.00 



□ 
□ 



to cover the above fees is enclosed, 
in the amount of 



to cover the above fees 



Please charge my Deposit Account No. 

A duplicate copy of this sheet is enclosed. 

The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment 
to Deposit Account No. 04-1030 A duplicate copy of this sheet is enclosed 

Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card 
information should not be included on this form. Provide credit card information and authorization on PTO-2038. 



NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petitio 
L137(a) or (b)) must be filed and granted to restore the application to pending status. 

SEND ALL CORRESPONDENCE TO 



^ive (37 CFR 



John S. Pacocha 

LAW OFFICES OF DICK AND HARRIS 
181 West Madison St. 
Suite 3800 
Chicago, IL 60602 
(312) 726-4000 




SIGNATURE 
John S. Pacocha 



NAME 
25197 



REGISTRATION NUMBER 

28 September 2001 

DATE 
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CERTIFICATE OF MAILING BY "EXPRESS MAIL" (37 CFR 1.10) 

Applicant(s): Raffaele et al. 


2011142 


Serial No. 
To Be Assigned 


Filing Date 
28 September 2001 


Examiner 
To Be Assigned 




Group Art Unit 
To Be Assigned 


Invention: RECIPROCATING FLUID MACHINES 


1 hereby certify that the following correspondence: 



U.S. National Phase of PCT/AUOO/00281 



(Identify type of correspondence) 



is being deposited with the United States Postal Service "Express Mail Post Office to Addressee" service under 

37 CFR 1.10 in an envelope addressed to: The Assistant Commissioner for Patents, Washington, D.C. 20231 on 
28 September 2001 



(Date) 



Nancy A. Wyatt 



^^ped or Printed Name of Person Mailing Correspondence) 

fe of Person Mailins/Correspotulence) 
EL133313809US 




("Express Mail" Mailing Label Number) 



Note: Each paper must have its own certificate of mailing. 
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IN THE 

UNITED STATES 
PATENT AND TRADEMARK OFFICE 

IN RE APPLICATION OF: Raffaele et al. 

U.S. NafI Phase of PCT/AUOO/00281 

CASE: 201 1 142 PRELIMINARY AMENDMENT 

SERIAL NO,: To Be Assigned 

INTERNATIONAL FILING DATE: April 3, 2000 

FOR: RECIPROCATING FLUID MACHINES ATTENTION OF: 

EXAMINER: 

COMMISSIONER OF PATENTS 
WASHINGTON, D.C. 20231 

Dear Sir; 

If any charges or fees must be paid In connection with the following comnnunication, they may be paid out of our 
Deposit Account No. 04-1030. 

STATUS OF THE CLAIMS 

Claims 1-101 are presently pending from the above-identified 
International Phase. 

IN THE CLAIMS 

Delete Claims 2-15, 17-18, 20-21, 23, 25-34, 36-86 and 88-101, 
without prejudice, for the purpose of fee calculations. 

REMARKS 

Please amend the claims as indicated, prior to fee calculation for this 
Application, leaving only seven (7) independent claims, namely claims 1,16, 
19, 22, 24, 35 and 87. 

LAW OFFICES OF 
DICK AND HARRIS 

181 WEST MADISON STREET 
SUITE 3800 
CHICAGO, IL 60602 
(312) 726-4000 



Richard E. Dick 27778 

Richard D. Harris 27898 

Howard E. Silverman 32492 

John S. Pacocha 25197 



Douglas B. Teaney 33459 

Herbert H. Finn 38139 

James K. Cleland 44619 

Brad R. Bertoglio 47422 



OM"i9'3:? 7 mi . o:3h: 



Should anything further be required, a telephone call to the 
undersigned, at (312) 726-4000, is respectfully invited. 

Respectfully submitted, 
LAW OFFK^S'OFTIH^JK AND HARRIS 

Dated: September 28, 2001 




John S. Pacocha 

One of Attorneys for Applicant 
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IN THE 

UNITED STATES 
PATENT AND TRADEMARK OFFICE 

IN RE APPLICATION OF: Raffaele et al. 

U.S. Nat'l Phase of PCT/AUOO/00281 

CASE: 2011142 PRELIMINARY AMENDMENT 

SERIAL NO.: To Be Assigned 

INTERNATIONAL FILING DATE: April 3. 2000 

FOR: RECIPROCATING FLUID MACHINES ATTENTION OF: 

EXAMINER: 

COMMISSIONER OF PATENTS 
WASHINGTON. D.C. 20231 

Dear Sir: 

If any charges or fees must be paid in connection with the following communication, they may be paid out of our 
Deposit Account No. 04-1030. 

STATUS OF THE CLAIMS 

Claims 1-101 are presently pending from the above-identified 
International Phase. 

IN THE CLAIMS 

Delete Claims 2-15, 17-18, 20-21, 23, 25-34, 36-86 and 88-101, 
without prejudice, for the purpose of fee calculations. 

REMARKS 

Please amend the claims as indicated, prior to fee calculation for this 
Application, leaving only seven (7) independent claims, namely claims 1,16, 
19, 22, 24, 35 and 87. 



LAW OFFICES OF 
DICK AND HARRIS 

181 WEST MADISON STREET 
SUITE 3800 
CHICAGO, IL 60602 
(312) 726-4000 



Richard E. Dick - 27778 

Richard D. Harris 27898 

Howard E. Silverman 32492 

John S. Pacocha 251 97 



Douglas B. Teaney 33459 

Herbert H. Finn 38139 

Jannes K. Cleland 44619 

Brad R. Bertoglio 47422 
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Should anything further be required, a telephone call to the 
undersigned, at (312) 726-4000, is respectfully invited. 

Respectfully submitted, 
LAW 0FFIQPS''0FT>K;K AND HARRIS 

Dated: September 28, 2001 



John S. Pacocha 

One of Attorneys for Applicant 
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VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY 
STATUS (37 CFR 1.9(f) AND 1.27 (b)) - INDEPENDENT INVENTOR 


Docket No. 
2011142 


Serial No. 


Filing Date 


Patent No. 




Issue Date 


To Be Assigned 


28 September 2001 


To Be Assigned 




To Be Assigned 


Applicant/ Raffaele et al. 
Patentee: 



Invention: 

RECIPROCATING FLUID MACHINES 
(U.S. National Phase of PCT/AUOO/00281) 



As a below named inventor, I hereby declare that I qualify as an independent inventor as defined in 37 CFR 1.9(c) for 
purposes of paying reduced fees under section 41(a) and (b) of Title 35, United States Code, to the Patent and 
Tradennark Office with regard to the invention entitled above and described in: 

□ the specification to be filed herewith. 
Kl the application identified above. 

□ the patent identified above. 

I have not assigned, granted, conveyed or licensed and am under no obligation under contract or law to assign, grant, 
convey or license, any rights in the invention to any person who could not be classified as an independent inventor 
under 37 CFR 1.9(c) if that person had made the invention, or to any concern which would not qualify as a small 
business concern under 37 CFR 1 .9(d) or a nonprofit organization under 37 CFR 1 .9(e). 

Each person, concern or organization to which I have assigned, granted, conveyed, or licensed or am under an 
obligation under contract or law to assign, grant, convey, or license any rights in the invention is listed below: 

□ No such person, concern or organization exists. 

Kl Each such person, concern or organization is listed below. 

*NOTE: Separate verified statements are required from each named person, concern or organization having 
rights to the invention averring to their status as small entities (37 CFR 1 .27) 

FULL NAME Peter Robert Raffaele 

ADDRESS 24 Carlow Crescent, Killarney Heights, New South Wales 2087, Australia 

Individual LH Small Business Concern Q Nonprofit Organization 

FULL NAME 

ADDRESS 

Q Individual Q Snnall Business Concern Q Nonprofit Organization 

FULL NAME 

ADDRESS 

Q Individual Q Snnall Business Concern □ Nonprofit Organization 

FULL NAME 

ADDRESS 

□ Individual L3 Snnall Business Concern Q Nonprofit Organization 



Copyright 1994 Legalsoft 



P03/REV01 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



1 acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of 
entitlement to small entity status prior to paying, or at the time of paying, the earliest of the issue fee or any 
maintenance fee due after the date on which status as a small entity is no longer appropriate. (37 CFR 1.28(b)) 


1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or Imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the application, 
any patent issuing thereon, or any patent to which this verified statement is directed. 


NAME OF INVENTOR Michael John Raffaele .^ - ''''Jy^ ]/l/n} ^\ 
<^iriMATllRF OF IMVFMTDR //j^yM^^A /^/h /^JXcLyK^ ) 


DATE C^/ "* // - cri 


NAME OF INVENTOR 




SinNATlJRF OF INVFNTDR 


DATE: 


NAME OF INVENTOR 




<=;inNATI IRF OF INIVFMTOR 


DATE: 


NAME OF INVENTOR 




9inMAT!IRF OF IMX/FNTOR 


DATE; 


NAME OF INVENTOR 




CiinNlATI IRF OF IMX/FNTOR 


DATE: 


NAME OF INVENTOR 




SIGNATURE OF INVENTOR 


DATE: 


NAME OF INVENTOR 




SIGNATURE OF INVENTOR 


DATE: 


NAME OF INVENTOR 




SIGNATURE OF INVENTOR 


DATE: 


NAME OF INVENTOR 




SIGNATURE OF INVENTOR 


DATE: 


NAME OF INVENTOR 




SIGNATURE OF INVENTOR 


DATE: 
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VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY 
STATUS (37 CFR 1.9(f) AND 1.27 (b)) - INDEPENDENT INVENTOR 



Docket No. 
2011142 



Serial No. 
To Be Assigned 



Filing Date 
28 September 2001 



Patent No. 
To Be Assigned 



Issue Date 
To Be Assigned 



Applicant/ Raffaele et al. 
Patentee: 



Invention: 

RECIPROCATING FLUID MACHINES 
(U.S. National Phase of PCT/AU 00/00281) 



As a below named inventor, I hereby declare that i qualify as an independent inventor as defined in 37 CFR 1.9(c) for 
purposes of paying reduced fees under section 41(a) and (b) of Title 35, United States Code, to the Patent and 
Trademark Office with regard to the invention entitled above and described in: 

□ the specification to be filed herewith. 
Kl the application identified above. 

□ the patent Identified above. 



I have not assigned, granted, conveyed or licensed and am under no obligation under contract or law to assign, grant, 
convey or license, any rights in the invention to any person who could not be classified as an independent inventor 
under 37 CFR 1.9(c) if that person had made the invention, or to any concern which would not qualify as a small 
business concern under 37 CFR 1.9(d) or a nonprofit organization under 37 CFR 1-9(e). 



Each person, concern or organization to which I have assigned, granted, conveyed, or licensed or am under an 
obligation under contract or law to assign, grant, convey, or license any rights in the invention is listed below: 

□ No such person, concern or organization exists. 

Kl Each such person, concern or organization is listed below. 



*NOTE: Separate verified statements are required from each named person, concern or organization having 
rights to the invention averring to their status as small entities (37 CFR 1 .27) 



FULL NAME Michael John Raffaele 



ADDRESS 24 Carlow Crescent, Killarney Heights, New South Wales 2087, Australia 

Individual Q Small Business Concern CD Nonprofit Organization 



FULL NAME 

ADDRESS 

□ Individual Q Small Business Concern Q Nonprofit Organization 



FULL NAME ^ 

ADDRESS . 

Q Individual Q Small Business Concern Q Nonprofit Organization 



FULL NAME 

ADDRESS 

Q Individual □ Small Business Concern □ Nonprofit Organization 



Copyright 1994 Legalsoft 



P03/REV01 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 
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I acknowledge the duty to fiie, in this application or patent, notification of any change in status resulting in loss of 
entitlement to snnail entity status prior to paying, or at the time of paying, the earliest of the issue fee or any 
maintenance fee due after the date on which status as a small entity is no longer appropriate. (37 CFR 1.28(b)) 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of the application, 
any patent issuing thereon, or any patent to which this verified statement is directed. 



NAME OF INVENTOR Peter Robe rt Raffaele 
SIGNATURE OF INVENTOR 



NAME OF INVENTOR 



SIGNATURE OF INVENTOR 



kU. idL^yj^P date: / // / joX 




DATE: 



NAME OF INVENTOR 



SIGNATURE OF INVENTOR 



DATE: 



NAME OF INVENTOR 



SIGNATURE OF INVENTOR 



DATE: 



NAME OF INVENTOR 



SIGNATURE OF INVENTOR 



DATE: 



NAME OF INVENTOR 



SIGNATURE OF INVENTOR 



DATE: 



NAME OF INVENTOR 



SIGNATURE OF INVENTOR 



DATE: 



NAME OF INVENTOR 



SIGNATURE OF INVENTOR 



DATE: 



NAME OF INVENTOR 



SIGNATURE OF INVENTOR 



DATE: 



NAME OF INVENTOR 



SIGNATURE OF INVENTOR 



DATE: 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



V ^ , 5tT/AUO0/O0281 

09/937 7-«^e0ed 25 July 2001 
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JRe ciprgi^tin^ Fluid Mach ines 

Technical Field 

This invention relates to a variation of reciprocating fluid machines colloquially 
called "scotch yoke" devices, 

5 Background Art 

Known scotch yoke devices include one or more pairs of horizontally opposed 
pistons reciprocating in respective cylinders* Each piston of a pair is rigidly 
attached to the other so the pair of pistons move as a single unit* The pistons 
reciprocate along parallel axes which may be coaxial or which may be offset. A 

10 crank is provided centrally of the pair of pistons with an ofeet mounted in a slider. 
The slider in turn is mounted in the piston assembly between opposing sliding 
surfaces, which extend perpendicularly to the axes of the pistons. The slider is thus 
constrained to move perpendicularly to the piston axes and so, as the crank rotates, 
the pistons are caused to reciprocate along the piston axis, with a tme sinusoidal 

15 motion. In certain circumstances the provision of a tme sinusoidal motion is 
preferable to the quasi-sinusoidal motion provided by a crank and connecting rod 
arrangement found in most intemal combustion engines or pumps. However such 
devices have certaiu drawbacks. Neither the sUder, which reciprocates in a vertical 
plane, nor the pistons, can be dynamically balanced by a rotating mass. Whilst this 

20 can be partially compensated for in a multi-pair device, this still leaves rocking 
couples. 

Further in the conventional arrangement the slider sHdes between a single pair of 
opposed sxirfaces which he on either side of the big end bearing. The pistons must 
be arranged along parallel axes and the distance between the sliding sinfaces of the 
25 slider and the gtiide surfaces of the pistons must be larger than the diameter of the 
big end on the crank. 

The present invention aims to at least araehorate some of the disadvantages of the 
prior art and, in preferred forms, provides devices in which paired pistons are not 
rigidly connected together, are not necessarily coaxial and in which better dynamic 
30 balancing is achieved. The invention also allows use of uneven numbers of pistons 
mounted on a single big end bearing pin. 

In one form the invention in effect decouples the pistons firom each other and 
provides each piston with its own pair or group of sUding surfaces and its own 
shder. The sliding surfaces for each piston do not lie on either side of the big end 
35 but are positioned remote from the big end. The sliding siniaces may be compound 
surfaces. This decoupling means that each piston is not relying on the coupling 
with the other piston or pistons to move in both directions and allows each piston 
to move along a separate axis and at a different phase to all other pistons. Whilst 
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pistons may be interconnected via a common linkage which carries the various 
sliding surfaces, the pistons are not rigidly connected together. Thus a V- 
configuration may be achieved with a pair of pistons or a 120^ layout with three 
pistons, for instance. 

5 An important part of the invention is the use of restricting means which guide the 
piston or other parts of the piston arrangement The restricting means are located in 
a position which may be broadly described as to the side of the sliding surfaces but 
not in line with their direction of slide. 

Disclosore of the Invegtion 

10 In one broad form the invention provides a scotch yoke fluid device which 
includes: 



a crank including a big end having an axis which orbits about a main axis 
for the crank; 

connectiag means mounted on the big end axis; 

15 at least one piston mounted for reciprocal motion in a cylinder along a 

piston axis, the piston having a cross-Sectional area perpendicular to the 
piston axis, the piston having guide means including a linear surface 
transverse to the piston axis, the guide means engaging engagement means 
on the connecting means; and - 

20 at least one restricting means for constraining the piston to move along 

the piston axis; 

wherein the piston guide means bisects the piston cross-sectional area and 
at least part of each restricting means is located within a volume defined by 
the piston cross-sectional area projected along the piston axis, but is not 
25 located along the centre line of the bisection fomied by the piston guide 

means. 

Preferably, the guide means includes surfaces which extend substantially 
perpendicularly to the respective piston axis. However, the guide surfaces may 
extend at other than 90*^ to the respective piston axis. Even when the guide surfaces 
30 are "perpendicular^ to the piston axis, the guide surfaces may deviate firom the 
perpendicular by up to 5° either way. The engagement means may be two or more 
parallel linear surfaces which correspond and slide relative to tiie guide surfaces. 
Alternatively, the engagement means may include two or more roller bearings or 
the like. 

35 In this embodiment, the linear parallel opposed guide surfaces may be located on 
the cormecting means and the engagement means may be mounted on the piston. In 
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preferred forms there are two or three pistons moimted on slider means on each big 
end bearing. The pistons may be arranged at equal angjes about the main axis if ' 
desired. 

The guide means may be integral with the piston or may be located on a separate 
structure attached to the piston. Where a separate structure is provided, it may be 
pivotably mounted to the piston, preferably using a gudgeon pin arrangement This 
allows one to use conventional pistons with connecting rods incorporating the 
guide means. 

The crankshaft may be fixed relative to the cylinders or may be movable so as to 
alter the conqjression ratio and/or the timing of the pistons in the cylinders. In a V 
configuration^ movement of the crankshaft along the bisector of the included angle 
between the cylinders results in a change in compression ratio without any change 
in phase. An alternate arrangement provides for the crankshaft axis to rotate about 
a distant axis, so raising or lowering the crankshaft. These arrangements may be 
used with a single piston engine* Movement of the crank may be in any direction. 

WTien two pistons per big end are utilised, the pistons .may be arranged in a V- 
configuration. The V-configuration may be at any angle, such as 90*^ , 60^ , 72'' or 
any other desired angle. The number of pistons per big end is only constrained by 
physical size limitations. Each big end may have a, single connecting means upon 
which mxiltiple pistons are mounted or there may be a multiple connecting means 
mounted on each big end bearing \^'ith each connecting means having an associated 
piston mounted upon it. 

When multiple pistons axe mounted to one big end, they may be located the same 
distance fi:om the main axis or different pistons may be at different distances firom 
the main axis. 

Whilst the guide means and complementary engagement means include preferably 
simple planar surfaces in cross section, other configin^ations are possible, to 
provide additional locating surfaces perpendicular to the line of the guide means. 

This invention, in some embodiments, proposes scotch yoke type fluid devices in 
which each piston may be decoupled fixm any other piston mounted on the same 
big end of a crank, so allowing each piston to move along a cylinder axis which 
may be at an angle to any other cylinder axis. In producing such devices, it has 
been discovered that the pistons may be rotated in the cylinders about an axis 
generally perpendicular to the cyhnder axis, causing damage to the device. To 
prevent this occurring it has been proposed to use restricting means mounted on, 
connected to or integral with the piston to mamt am the pistons in a correct 
orientation and to prevent unwanted rotation or deflection of the piston. In some 
embodiments, the invention also proposes second restricting means located 
outVr'ard of the piston and cylinder bores. This requires extra space within the crank 
case and so increases the size of the fluid device. 
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Preferably all the restricting means are contained within a volume defined by a 
projection of the cylinder's cross sectional area along the cylinder axis. However, , 
the guide means or the restricting means, or bodi, may extend out of this volimie. 
Further, the restricting means may lie within the volume but may be positioned not 
along ttie centre line of the bisection. 

The restricting means may be formed integrally with the piston body or may be one 
or more separate iterais attached to the piston body. Where the restricting means are 
separate units, a single imit may be provided which is rigidly or pivotably mounted 
to the piston body. The restricting means may include one or more guide members, 
iacluding tubes or rods, which extend substantially parallel to the piston axis. 
Where the restricting means includes two or more guide members, these guide 
members may be located symmetrically or asymmetrically relative to the piston^s 
cross sectional centre. 

Preferably the guide means extends through the centre of the piston *s cross 
sectional area. 

Where two or more pistons are mounted on one big end, the pistons may lie in a 
single plane or may lie in two or more planes. 

Preferably, the device of the invention includes stabilising means engaging the 
connecting means to limit the connecting means to a single orientation as it orbits 
the main axis. 

The stabilising means may include the engagement of the connecting means with 
the at least one piston. The stabilising means may include a separate linkage 
pivotably moimted to both the connecting means and the crankcase. 

The crank mechanism may be a simple crank with an offeet big end bearing or it 
may be a compound mechanism which provides for other than simple circular 
motion of the big end bearing at a constant angular velocity. Examples of 
compound crank mechanisms are disclosed in PCT International Patent 
Application Nos. PCT/AU97/00030 and PCT/AU98/00287, the disclosures of 
which are incorporated herein. 

The invention, in another embodiment, includes a feature whereby the main axis of 
the crank mechanism is movable along at least one path relative to tiie cylinder or 
cylinders and the engagement means is configured such that the at least one piston 
is neither substantially retarded or advanced 

Where the device includes pistons airanged in a V configuration the main axis of 
the crank mechanism preferably moves along a linear path which bisects the 
included angle of the V. Alternatively, the main axis of the crank mechanism may 
move along an arc. 
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In another embodiment, the connecting means has a centre of mass located on or 
adjacent to the big end axis. 

Preferably, the crank includes a counter weight which substantially and/or 
dynamically balances the mass of the connecting means relative to the crank axis. 

Preferably, the crank has an effective centre of mass^ which, together with the 
connecting means and the at least one piston, remains stationary or substantially 
stationary relative to tiie crank axis as the crank rotates. 

In another embodiment, the device has two pistons arranged in a non-opposed pair, 
the configuration of the connecting means and the engagement means being such 
that the motion of each piston is simple hamionic motion. 

In another embodiment, the device has at least one pair of pistons, each pair of 
pistons having a mass the motion of which is equivalent to a single mass orbiting in 
an orbit. 

Preferably the orbit is a circle, but it may be elliptical. 

Preferably the motion of each of the pistons is simple harmonic motion. 

The invention, in another broad form, also provides a fluid device, which includes: 

a crank including a big end having an axis which orbits about a main axis 
for the crank 

connecting means moimted on the big end axis; 

at least one pair of pistons, each piston being moimted for reciprocal 
motion in a respective cylinder along a respective piston axis, the piston axes of 
each pair being at 90*^ to each other, each piston engaging engagement means on 
the connecting means; 

wherein each pair of pistons has a mass the motion of which is equivalent 
to a single mass orbiting in an orbit; 

the centre of mass of the connecting means is located on or adjacent the 
big end axis; and 

the crank includes a counter weight located generally diametrically 
opposite the big end and having a centre of mass remote from the crank axis, the 
counter weight including the equivalent of: 

a first mass to statically and/or dynamically i>alance all or part of the 
mass of the big end bearing relative to the cra3Qk axis; 
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a second mass to statically and/or dynamically balance all or part of the 
mass of the connecting means relative to the crank axis; and, 

a respective tiiird mass to statically and/or dyhamically balance all or part 
of the mass of each pair of pistons relative to the crank axis. 

6 Preferably the angle is 90*". 

Preferably the orbit is a circle and the third mass preferably statically and/or 
dynamically balances the mass of the pistons. 

Where the orbit is not a circle, the third mass may balance the mass of the pistons 
in a first direction. The first direction is preferably parallel or perpendicular to a 
10 bisector of the axes of each pair of pistons. 

In all forms of the invention the connecting means (when present) may have non- 
rotary motion relative to the piston. Preferably there is no rotary motion 
whatsoever, except as allowed by clearances. 

The invention, in another broad fomi, provides a piston-type fluid device which 
15 includes: 

a crank having a main axis and including a lug end member having an 
axis which rotates about the main axis; 

at least one piston arrangement having at least one piston mounted for 
reciprocal motion in a cylinder along a piston axis, the piston having a 
20 cross-sectional area perpendicular to the piston axis; 

at least one follower located between the member and the piston for 
transferring motion of the member to the piston, the follower reciprocating 
along a linear path, having a centre line, between two end points; and 

at least one restricting means for constraining the piston to move along 
25 the piston axis; 

wherein at least part of each restricting means is located within a volimie 
defined by the piston cross-sectional area projected along the piston axis, 
but is not located on the centre line between the two end points. 

The device may have each piston assembly having two surfaces with the ofBset 
30 member bearing on one surface and the follower bearing on the other surface. 
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The device may have a single follower which bears on both surfaces or it may have 
two followers, each of which bears on one of the respective surfaces. 

Each piston arrangement may have one piston or it may have two pistons. Where 
two pistons per arrangement are provided, preferably the at least one follower is 
5 located below the pistons. 

The member is preferably a circular cam having its centre offset from the crank 
axis. 

The device may have two or more piston arrangements for each member. 

Where two or more pistons arrangements for each member are provided, they may 
10 reciprocate along piston axes extending at any angle to each other. Preferably there 
are two piston arrangements per ofeet member extending at 90° to each other. 

Where two piston arrangements extending at 90*^ to each other are provided, 
preferably there are provided two followers, each of which engages both piston 
arrangements. 

15 The invention, in another broad form, also provides.a scotch yoke fluid device 
which includes: 

a crank including a big end having an axis which orbits aroimd and is 
parallel to a main axis for thq crank; 

an least one piston arrangement which indudes: 

20 a piston moimted for reciprocal motion in a cylinder along a piston axis 

which is in a plane substantially perpendicular to the big end axis and the 
main axis, the piston having a cross-sectional area which is perpendicular 
to the piston axis; and 

a scotch yoke element chosen from the group comprising a channel, a 
25 rail, a channel and a rail, a bore and a bore and a rail, the element defimng 

a longitudinal path, the big end reciprocating along the path relative to the 
piston between two end points, the scotch yoke element being integral with 
the piston or connected thereto via connecting rod means; and 
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restricting means adapted to move along a defined pafli and to constrain 
t one or more of the piston, the scotch yoke element and the connecting rod 

means to move along the defined path, 

characterised in that at least part of the restrictmg means is located 
5 transversely of the longitudinal path of the scotch yoke element and within a 

projection of the piston cross-sectional area. 

In preferred embodiments, the scotch yoke element includes snrfeccs which extend 
substantially perpendicularly to the respective piston axis, as already discussed. 

The restricting means, which is also discussed in relation to a previous aspect of 
10 the invention, above, is intended to alleviate ''jamming" of the piston in the 
cylinder, which can provide a problem at high temperature. It is desirable to 
maintain the piston so that it is aligned with the piston axis. Several preferred 
embodiments of the restricting means are described in connection with the 
drawings. It will be ^predated that when the restricting means is located within 
15 the "footprinf ' of the piston, metallic mass of the fluid device is minimised 

As will be seen firom the drawings, in some embodiments, the restricting means is 
formed in pairs and a line drawn firom one member to the other of the pair would 
be perpendicular to fee longitudinal path. In other embodiments, the restricting 
means includes members which are located on either side of the longitudinal patii, 
20 but transversely, not perpendicularlyi 



The restricting means may be mounted to the block within the footprint of the 
piston, thus minimising the size of the device of the invention. 

In another broad form, the invention also provides a fluid device, which includes: 

a crank including a big end having an axis which orbits about a main 

25 axis; 

connecting means mounted on the big end axis; 

at least one piston mounted for reciprocal motion in a cylinder along a 
piston axis; 

intermediate connecting means interconnecting the at least one piston 
30 with the connecting means; and 

means for adjusting the position of the intermediate connecting means 
relative to the at least one piston or the connecting means or both. 

The means for adjusting may include a slot, groove or surface which engages the 
intermediate connecting means. 
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The intermediate connecting means preferably engage in or wiA guide means to 
stabilise the at least one pistx^n in the cylinder. Preferably the means for adjustmg' 
includes the guide means, but the guide means may be separate. 

The means for adjustmg may be movable transversely or longitudinally relative to 
the cylinder axis or both. The guide means may be rotatable about an axis. 

The means for adjusting may include a linear, smgle radius curved or multi-radius 
curved slot/s, groove/s, surfece/s or the like. The mtermediate means may include 
sliding or roUmg contact members to engage the means for adjusting. 

The means for adjusting may be movable to change the effective stroke of the 
pistons, the effective compression ratio of the device or the position/time path 
followed by the pistons or a combination of any of the foregoing- 

In another embodiment, the device of the invention includes means for adjusting 
the distance between the piston and the engagement means. 

The means for adjustmg in this aspect of the invention may include a compressible 
connecting rod. 

Above is described how a fluid device may be fuUy or substantially statically or 
dynamically balanced or both about the crank axis. It will be appreciated that the 
additional mass of the restricting means may be balanced as described above. It 
will also be appreciated that whilst balancing of pistons mounted on a single crank 
is the norm, balancing of a device with pistons mounted on separate big ends is 
possible if the big ends are coaxial. 

Above are disclosed devices in which piston motion is achieved by sliders mounted 
on big ends and in which two or more pistons may be moimted on a single slider 
but each of which moves along a separate path to each other. 

Because each piston is not directly connected to any other piston, there is a 
tendency for the pistons to rotate in the cylinders about an axis generally parallel 
the crank axis. This can lead to destructive failure of the device. Providing 
restricting means, extending parallel to the cylinder axis, prevents such rotation, 
and this has been disclosed above. In some embodiments, the restricting means hes 
above the swept volume of the crank shaft and big end. The restricting means can 
be placed so that at various parts of the cycle they extend into the projection of the 
area swept by the crank and slider. This results in a more compact device. 

In conventional scotch yoke type piston fluid machines a shder is rotatably 
mounted on the big end of a crank, which orbits about a main axis. The sUder is 
. constrained to move along a linear slot in the piston assembly which is generally 
perpendicular to the cylinder axis. Thus, as the crank rotates, tiie piston is caused to 
reciprocate along the cylinder. 
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In conventional single piston devices, the linear slot is positioned on the cylinder 
axis and so that at top dead centre the big end lies between the piston and the maiii 

axis. 

The present invention creates various novel and inventive configurations which 
5 depart fixmi this standard. 

In a fiirther embodiment of the invention, at top dead centre, the main axis lies 
between the piston and the big end axis. 

This, in effect, is the reverse of the norm. 

In another embodiment the main axis is not located on the or any of tihie at least one 
10 cylinder axes. 

Preferably, when the or one of the pistons is at tc^ or bottom dead centre a line 
joining the main and big end axes is parallel to and spaced from the respective 
cylinder axis of the one piston. 

Usually in scotch yoke engines or pumps two opposed pistons are rigidly 
15 connected together about a yoke. A slider, which is rotatably mounted on a big end 
of a crank, slides within the yoke and causes the pistons to reciprocate. 

The present invention aims to provide improved yoke constructions, which allows, 
in preferred forms, for two identical parts to be utilised to build up the yoke 
assembly. The assembly may be a split generally axially or transversely relative to 
20 the cylinder axis. In preferred forms the nimiber of fixing components required is 
reduced whilst allowing for simple manufacture of the components. 

In one broad form the invention provides a yoke assembly for a scotch yoke type 
fluid device having opposed pistons reciprocating in opposed cylinders having 
parallel cylinder axes, the yoke assembly mounted on'the two pistons and including 
25 an engagement portion for receiving an engagement member rotatably mounted on 
a big end of a crank shaft and in which the engagement means reciprocates as the 
crank rotates, said engagement portion being split into two parts. 

The engagement portion may be split along a plane generally parallel to the 
cylinder axes or a plane generally perpendicular to the cylinder axes. 

30 The two parts may be identical or may be dissimilar. 

Preferably only two fixings are required to secmrely hold the two parts together. 

The engagement portion preferably includes two opposed channels in which the 
eng£igement means reciprocates. Each of the channels may be defined by only one 
of the parts or both parts may define part of each channel. 
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Preferably, where identical parts only define all or part of one channel each, each 
part includes legs which extend and engage the other part. These legs may be 
located at opposite ends of the channel but on the same lateral side; the same end 
but opposite lateral sides of the channel or opposite ends and opposdte lateral sides 
5 of the channeL Preferably, a single fixing may hold two legs, one for each part, 
simultaneously. 

Where non-identical parts are utilised, one part may have two or more spaced apart 
legs located adjacent the chamiel and the other part may have no legs or one leg 
adjacent the channeL 

10 Preferably, the legs are located at the ends of the channel but a single leg may be 
positioned adjacent the channel at a mid-point. In this construction the crank 
cannot pass through the engagement portion. 

It is found that the decoupled, paired piston/s, scotch yoke devices of this invention 
may be balanced perfectly in lhat the centre of mass of the moving parts of the 

15 engine (the crank, the pistons and their members, and any interconnecting members 
between the cranks big end and the pistons) remains exactly stationary and centred 
on the main axis as the device members rotate, orbit and reciprocate through its 
cycle. A pair of pistons arranged at 90 degrees to each other and sharing the same 
big end axis may be perfectly balanced. A pair of pistons arranged at 90 degrees to 

20 each other and having coaxial big ends, similarly may be perfectly balanced 
(although in this embodiment a rocking couple may be set up). 

An engine that is of a V configuration that is other than 90 degrees may be 
balanced perfectly as well. This may be achieved by spUtting the big end so that 
there are two big end axes per pair of reciprocating masses, ie, pistons. The two big 
25 ends axes axe angularly displaced from one another about the main axis. 

Brief Descriptioit of the Drawings 

The invention shall be better understood firom the following, non-limiting 
description of preferred forms of the invention, in which: 

Figure 1 is a cross-sectional view of a fluid device accordiug to the 
30 invention. 

Figure2Js a partial cutaway perspective view of the Figure 1 device. 

Figure 3 is a perspective view of a three piston fluid device according to the 
invention. 

Figur e 4 sh ows an end view of a third embodiment of the invention. 

35 Figur e 5 sh ows a partial cutaway perspective view of a fourth embodiment 

of the inventioiL 
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Figure 6 shows an end view of a connecting device of the fig 5 device. 
Figu re. 7 sh ows a perspective view of the fig 6 device. 
Figure 8 shows an end view of a variation of the Figure 1 embodiment 

I Figure 9 shows a perspective view of a fifth embodiment of the invention, 

I , 

I 5 Figure 10 shows an end view of the Figure 9 embodiment. 

Figure 1 1 shows an end view of a sixth embodiment of the invention. 

J Figure 12 shows an end view of a seventh embodiment of the invention. 

Figure shows an end view of a eighth embodiment of the invention. 

Figures M to 2S^ how various configurations of the guide sxarfaces of the 
10 invention (Figures 25 and 27 have been cancelled). 

Figure 29 shows a V-twin engine embodiment of the invention, including 
restricHiig'means . 

Figure^SOis a schematic layout of a V-twin engine according to the 
rnvention,. including restricting means. 

15 Figures .31 to 39 are axial cross-sections through a big end and embodiments 

of a connecting means ax:cording to the invention. 

Figure 40 has been deleted. 

Figiu*es 41 to 47 show further variations of the connection between the 
connecting means and the engagement means of the piston. 

20 Figures 48 and 49 s how end views of embodiments of a scotch yoke engine 

according to the invention. 



Figures 50 and 51 a re schematic cross-sectional views of fijither 
embodiments. 

Figure 52 shows an end view of a further embodiment of the invention. 
25 Figure^52^hows an end view of a further embodiment of the invention. 

Figure 53 shows an end view of a fiirther embodiment of the invention. 
Figur e 54 shows an end view of a further embodiment of the invention. 
Figin:e-55_has been deleted. 
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Figure 46^hows a perspective view of a further embodiment of the 
invention. 

Figure 57 shows a perspective view of a further embodiment of the 
invenfidnr- 

5 Figure^Ta is a top view of the embodiment of Figure 57, 

Figure, 5 8 shows an end view of a furtfier embodiment of the invention. 

Figures 59 and 60 show perspective views of the figure 58 embodiment. 

Figure 61 shows a perspective view of a further embodiment of the 
invenBofir 

10 Figure 62 shows an end view of the figure 61 embodiment. 

Figures 63 to 68 show end views of further embodiments of the invention. 

Figures 69 to 7 8, 78a and 79 to 80 show end views of a slider arrangements 
used in^emBodiments of the invention. 

Figure 81 is a perspective view of a piston made according to the invention. 

15 Figure 82 is a perspective view of the Figure 8 1 piston taken fi-om a 

different angle. 

Figure 83 is a perspective view of a fluid device incoii>orating the piston of 
Figures 81 and 82, 

Figure^84^is a detailed view of a portion of the device of Figure 83. 

20 Figure s 85 to 12 6^show xmderside plan views of various pistons made 

according to the invention. 

Figures 127 to 129 show isometric views of a further piston made according 
to the inventioii: — ' 

Figures 130 to 132 show isometric views of a further piston made according 
25 to the fiovenHonT 

Figures 133 to 135 show isometric views of a further piston made according 
to the ifivention^ — 

Figures 136 to 138 show isometric views of a further piston made according 
to the invention^ 

30 Figures, 139 to 141 show isometric views of a further piston made according 

to the invention. 
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Figures 142 to 144 show isometric views of a further piston made according 
to the inventi^ir: ~ ' 

Figures 145 to 147 show isometric views of a fiirdier piston made according 
to the invSltiOT] ' 

5 Figures 148 to 150 show isometric views of a further piston made according 

to the iiiventton; — 

Figures 15 1 to 153 show isometric views of a further piston made according 
to the invention. 

Figure s 154 to 15 6 show isometric views of a further piston made according 
10 to the invention. 

Figures 157 to 159 show isometric views of a finther piston made according 
to the mvention. 

Figures 160 to 162 show isometric views of a further piston made according 
to the invention> 

15 Figures 1 63 to 165 show isometric views of a further piston made according 

to the invenfionT^ 

Figures 166 to 168 s how isometric views of a further piston made according 
to the invention. 

Figures 169 to l71 show isometric views of a further piston made according 
20 to the inventiral 

Figures r72t oj 74 s how isometric views of a further piston made according 
to the invention. 

Figures j 75 to 177 show isometric views of a further piston made according 
to the invention. 

25 Figures 178 to 180 show isometric views of a further piston made according 

to the invention! ^ 

Figures ISHol 83 show isometric views of a further piston made according 
to the inventiSnT ^ 

FigTires J[84to_186show isometric views of a further piston made according 
30 to the invention. 

Figures'-! 8Z.t«iJ,89^how isometric views of a further piston made according 
to the invention. 
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Figures 19S)Jol9Z show isometric views of a further piston made according 
to invention. 

Figures 193 to 195 show isometric views of a further piston made according 
to the inveSfion; — ^ 

5 Figure 196 is a cross-sectional view of a further emhodiment of the 

inventionr-^ 

Figure 197 is a cross-sectional view of a further embodiment of the 
inventionT" 

Figure 198 is a cross-sectional view of a fiirthex embodiment of the 
10 invention?^ 

Figure 199 is a cross-sectional view of a further embodiment of the 
inventions- 
Figure 200 is a cross-sectional view of a further embodiment of the 
inventionT^ 

15 Figure^^l is a cross-sectional view of a further embodiment of the 

invention^ 

Figure 202 is a cross-sectional view of a further embodiment of the 
invention. 

Figure 203 is a cross-sectional view of a further embodiment of the 
20 inventicsrr — 

Figure 204 is a cross-sectional view of a further embodiment of the 
invention] 

Figure 205 is a cross-sectional view of a further embodiment of the 
invenfi^r: — 

25 Figure 206 is a cross-sectional view of a further embodiment of the 

inventioS:^ 

Figure_207 is a cross-sectional view of a further embodiment of the 
invention. 

Figure 20,Sis a cross-sectional view of a further embodiment of the 
30 invention. 

Figure 202Js a cross-sectional view of the figure 208 embodiment in a 
different position. 
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Figure 210 is an end view of an embodiment of the invention at a first 
Ix>silion dunng its cycle. 

Figures 211 to 213 are end views of the embodiment of Figure 210 at 
different stagesl3f4ts cycle. 

5 Figure 214 shows a perspective view of the embodiment of Figure 210. 

Figure 21 5 is an expanded view of part of Figure 214. 

Figure 216 shows a view of the Figure 210 embodiment taken perpendicular 
to one ^ the cylinder axes at a position corresponding to bottom dead centre 
for one of the pistons. 

10 Figure217_shows a view of the embodiment similar to that of Figure 216 

but at top dead centre. 

Figure 218 is an axial end view of a further embodiment of the invention; 

Figure 219 is an axial end view of a further embodiment of the invention; 

Figure 220 is an axial end view of a fiirther embodiment of the invention; 

15 Figure 221 is an axial end view of a further embodiment of the invention; 

Figure 222 is an axial end view of a further embodiment of the invention. 

Figure 223 shows an end view' of a further embodiment of the invention. For 
clarity some components are omitted. 

Figure 224 is a perspective view of the Figure 1 embodiment* 

20 Figure225^hows an exploded perspective view of the first embodiment 

Figure 226 shows a perspective view of a further embodiment of the 
inventionT"^ 

Figure 227 shows a perspective view of a further embodiment of the 
inventi^rar— 

25 Figure 228 shows an exploded perspective view of the Figure 227 

emlxxKmrat: 

Figure 229 shows an end view of the Figiire 227 embodiment 

Figures 230 to 233 show perspective conceptual views of various yoke 
constructionsr 

30 Figure 234 is an isometric view of a crank with a pair of split big ends. 
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Figure 235 is an end view of a V scotch yoke device according to the 
invention^wherein the big ends are coaxial and the pistons are disposed for, 
reciprocation at 75 degrees to each other about the main axis. 

Figure 236 is an end view of a V scotch yoke device according to the 
5 invention wherein the pistons are disposed for reciprocation at 90 degrees to 

each other about the main axis. 

Figure 237 is an end view of a V scotch yoke device according to the 
inventionwherein the pistons are disposed for reciprocation at 120 degrees 
to each other about the main axis. 

10 Figure 2^8Js a perspective view of a connecting rod designed to be attached 

to a single piston assembly. 

Figure 239 is a perspective view of a single piston assembly designed to be 
attachednothe connecting rod of figure 238. 

Best Mode of Carrying out the Invention 

15 Referring to Figures 1 and 2 there is shown a fluid device 10 which includes a 
crank 12 mounted for rotation about a crank axis 14. The crank 12 has an offset 
bearing pin 16, radially distant from the axis 14. Thus as the crank 12 rotates about 
axis 14, pin 16 will describe a circular orbit around axis 14. 

Rotatably moiinted on bearing pin 16 is a slider 1 8. The slider has two tongues 20, 
20 22. 

The slider 18 extends generally perpendicular to the axis 14 whilst the tongues 
extend generally parallel to the axis 14, As best seen in Figure 2 the shding 
surfaces extend axially on either side of ihe main portion 24 of the sUder 1 8 and so 
form a T-shaped constmction. 

25 Each of the tongues 20, 22 engages in a T-shaped slot 30 of a respective piston 32. 
Each piston is mounted in a cylinder 34 and constrained for linear movement along 
a respective cylinder axis 36, Each slot 30 preferably extends substantially 
perpendicular to the cylinder axis 36 and extends diametrically across the centre of 
the piston. Both ends of the slot 30 are open. The sUder 18 can thus move sideways 

30 relative to the piston but must move axially with the piston along axis 36, Where 
the slot 30 does not extend at 90"* to the piston axis 36, sideways movement of the 
tongue 20 or 22 relative to the piston 32 will cause axial motion of the piston 32. 
This enables one to control the motion of the piston 32 beyond a pure sinusoidal 
motion. 

35 The piston 32 is constrained to move along its piston axis 36 and as the crank 12 
rotates the slider 18 rotates about the crank axis 14. The motion of each tongue 20, 
22 has a component parallel to the respective piston axis 36 and a conroonent 
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perpendicular to the respective piston axis 36. Thus, the pistons 32 reciprocate in 
their respective cylinders 34 with the tongues 20, 22 sliding sideways in flieir 
respective slots 30. The combination of the Iniear movement of the piston 32 and 
the tongue 20, 22 in the slot 30 maintains the slider 1 8 in a constant orientation as 
5 the crank rotates, irrespective of other pistons. In the embodiment of Figure 1, 
there are provided two pistons 32 at 90^ to each otheTy- but since the slider 18 
maintains its orientation as it orbits the crank axis 14, the angle between the pistons 
32 may be other than 90*=*. Similarly, more pistons may be added 

Figure 3 shows a perspective view of a three piston device. For clarity the cylinder 
10 and crank cast assemblies are omitted. As can be seen, the device 110 includes a 
crank 112 with a bearing pin 116 extending between webs 117. Three pistons are 
arranged equally about the crank 1 12 at 120® to each other. Mounted on the 
bearing pin 1 16 is a triple tongue device 118. This device may be a unitary 
stracture or it may include three separate components moimted on the pin 1 16. As 
15 seen, each piston is provided with a T-shaped slot 130 into which the respective 
tongue 120 engages* The pistons are axially offset but, if desired, they may be in a 
common plane. 

Because each of the pistons is decoupled fipom any other piston, the orientation and 
position of the pistons may be chosen as desired* There is no need for the piston 
20 axes to extend radially from the crank axis. The piston axes may extend radially 
from an axis, but this axis may be remote fix^m the crank axis. The piston axes may 
be parallel and spaced from each other on either side of the crank axis. 

Figure 4 shows a fluid device 50 having a crank 52 rotating about crank axis 54. A 
slider mechanism 57 is maintained on a bearing pin 56 and has two arms 58, 60 
25 which extend horizontally and engage in slots 62, 64 respectively of pistons 66, 68. 
Each of the pistons 66, 68 reciprocates in a dual chambered cylinder 70, 72. The 
cylinders 70, 72 are closed at both ends and thus combustion chambers 74 are 
defined between the pistons and the ends of the cylinders. 

Rotation of tiie crank 52 causes the pistons 66, 68 to reciprocate vertically within 
30 the cylinders 70, 72 with the aims 58, 60 moving sideways relative to the pistons 
66, 68. 

Referring to Figures 5 to 7 there is shown a reciprocating piston device 210 having 
two pistons 232 reciprocating in respective cylinders 234 at 90"^ to each other. A 
connecting device 218 connects the two pistons to big end pin 216 of crankshaft 
35 212 via tongues 220 and slots 230 in the pistons 232. The connectiag device 218 
has t^'o webs 240, one for each piston, which are ofeet axially relative to each 
other. This allows the pistons 232 to overlap each other and so be brought closer to 
the crank axis 214, Lubrication ducts 242 are pyrovided to supply pressurised oil 
firom the big end pin 2 16 to the sliding surfaces of the tongues 220 and slots 230. 



AMENDED SHEET 
IPEA/AU 



Received 25 July 2001 

92SS.doc 19 



The connecting device 218 includes a counter weight 244 extends downwardly on 
the of^site side of the big end pin 216 to tongues 220, bisecting the angle 
between the two webs 240. This counter weight 244 is sized so that the centre of 
inertia and preferably also the centre of mass of the connecting device 218 lies on 
the big end axis 246. It will be appreciated that, when the pistons are spaced 
equally about the crank axis 2 14, the webs 240 will balance each other and a 
separate counter weight may not be needed. 

As the connecting device 218 orbits the crank axis 214, no rotational forces are 
generated relative to the big end axis 246, which would cause the connecting 
device 2 1 8 to attempt to rotate about the big end and which would need counter 
turning forces to be generated at the slot 230 / tongue 220 interface. In addition, 
since the centre of inertia of the connecting device 218 remains on the big end axis 
246, it is a relatively simple matter of adding an appropriate amount of mass to the 
counter weight 244 on the crank shaft 212 diametrically opposite the big end axis 
246 to provide a dynamically balanced crankshaft/coimecting device combination. 
It will be appreciated that for other piston arrangements, so long as the centre of 
inertia of the connecting device 218 lies on the big end axis 246, then it may be 
dynamically balanced. 

This leaves the reciprocating mass of the pistons 232. The velocity of the pistons 
233 follows a pure sinusoidal path and in combination the two pistons 232 are the 
equivalent of a single rotating mass. This may be balanced by adding an 
appi'opriate mass to the crankshaft 212, thereby resulting in a dynamically balanced 
device. For a V twin configuration, a^ single piston mass is added to the back of the 
crankshaft 212. For a four piston star configuration, two piston masses are added to 
the crank counter weight. 

Referring to Figure 8, there is shown a fluid device 50 which is a variation on the 
Figure 1 embodiment. For clarity the same numbers are used for the same 
components. The combmation of the piston 32 being limited to linear motion along 
the piston axis 36 and the respective tongue 20 being limited to linear motion 
relative to the piston 32 theoretically prevents any rotation of the connecting means 
1 8 relative to the piston 32. However, due to the need for manufacturing 
tolerances, there will inevitably be some free-play and hence turning of the 
connecting means 1 8 relative to the pistons 32. This in turn will generate turning 
forces at the interfaces of the tongues 20 with the slots 30. To alleviate this, the 
device in Figure 8 is provided with a linkage 40. One end of this linkage 40 is 
pivotably connected to the connecting means 1 8 at 42 and its other end is pivotably 
connected to the crankcase (not shown). The linkage 40, connecting means 18, 
crankshaft 12 and crankcase thus form a four bar linkage. The distance between the 
two axes 42, 46 is the same as the distance bet>;v'een the crank axis 14 from the big 
end axis 1 1 . Thus, irrespective of the restriction imposed by the engagement of the 
coimecting means 1 8 with the pistons 32, the connecting means 1 8 is constrained 
to ori^it about crank axis 14 without changing its orientation. 
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Referring to Figures 9 & 10 there is shown a twin cylinder fluid device 260 having 
pistons 262 reciprocating in cylinders 264. The pistons 262 are each provided with' 
a gudgeon pin 266 moimted in a bearing 268 on the respective piston. Mounted on 
the gudgeon pin 266 is a connecting rod 270. However, the connecting rod 270 

5 does not mount on the big end of the crankshaft 1 2, but on the connecting means 
1 8, The lower end 272 of the respective connecting rod 270 is provided with a T- 
shaped slot 74 which receives the T-shaped tongues 20 of the connecting means 
1 8. Whilst the connecting rod 270 is free to rotate about the gudgeon pin 266 
relative to the piston, the combination of the planar mating surfaces of die slots 274 

10 and tongues 20 prevents any pivoting and so the connecting rod 270 and 

connecting means 18 move as a single unit. WTiilst this may appear to introduce 
unnecessary coraphcation to the structure, it does aUow one to use conventional 
pistons. 

Referring to Figure 1 1, there is shown a twin cylinder fluid device 80 with twin 
15 pistons 82 mounted on connecting means 18 in cylinders 84, The connecting means 
18 is mounted on a crankshaft 12, but the axis of the crankshaft 12 is not fixed 
relative to the cylinders 84. Instead, the crankshaft 12, and with it connecting 
means 1 8 and pistons 82 may be moved upwards or downwards, as indicated by 
arrows 86, The vertical movement of the crankshaft 12 raises the pistons 82 in the 
20 cylinders 84 and thus provides the ability to vary the compression ratio on the fly. 
Movement of the crankshaft 12 does not affect the timing of the pistons in the 
cylinders 84 relative to the crankshaft 12 or to each other. This is in contrast to 
conventional V engines which if provided with movable cranks, cause the timing 
of the pistons to vary, with one piston being advanced and the other retarded. 

25 Vertical movement of die crankshaft 12 may be achieved utilising conventional 
means, such as hydraulic rams or the like. The Une represented by arrow A bisects 
the angle between pistons 82. 

It will be appreciated that a movable crank may be utilised with a single piston and 
that the movable crank may be moved along paths other than the bisector in a V- 
30 twin engine, for example. The crank may be moved at a, say, 1 5*" to the vertical. 
This has no effect other than to need more crank movement to achieve the same 
change in compression ratio* 

Figure 12 shows a variation of the Figure 1 1 embodiment, in which the crankshaft 
12 is mounted on bearing arms 90. The bearing arms 90 are pivotably moimted on 
35 the crankcase about axes which are coaxial with the axis 94. The bearing arms may 
be rotated about the axis 94 by suitable means to raise or lower the crankshaft 
relative to the cylinders. Whilst this does cause a sideways movement of the 
crankshaft, and so advancement and retardation of the pistons, this is very slight. 

Figure 13 shows a fiuther embodiment of the invention, in which there is a twin 
40 cylinder device 100 with pistons 1 02 reciprocating in cylinders 104. The pistons 
have connecting rods 106 pivotably mounted on gudgeon pins 108. The lower end 
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of the connecting rod 106 is provided with two opposed parallel surfaces in which 
a slider 1 10 is moxmted. The opposite ends of the slider 1 10 are connected to 
hydranlically operated rams 112. These rams 1 12 are incorporated within the 
connecting means 1 8 and are selectively suppUed with high p>ressxire oil via ducts 
5 114. The rams 1 12 are thus capable of causing the slider 1 10 to pivot about its 
centre 1 16, to rise or lower relative to the connecting means 118, and hence 
relative to the cylinder 104, or a combination of both. This causes the piston 102 to 
rise or fall relative to the respective cylinder and/or for the connecting rod 106 to 
pivot about gudgeon pin 108, so altering the phase of the piston. 

10 Figures 14 to 29 show a number of variations of the guide surfaces of the piston 
and the corresponding surfaces on the engagement means. 

Figure 14 shows a slider 100 having a Y-shaped engagement surface 102 for 
engagement with surfaces 104, 106 of a single piston. 

Figure 15 shows a slider 110 having engagement means 112. This surface 1 12 is 
15 Y-shaped and has sxxrfaces 1 14, 1 16 extending from base 118. 

Figure 16 shows a slider 120 having engagement means 122. The engagement 
means as shovm in cross section is T-shaped with two arms 124, 126. These arms 
124, 126, in cross section, form a curved upper surface 128. 

Figure 17 shows a sUder 130 having an arrow-headed engagement means 132. The 
20 engagement means 132 has two downwardly extending and diverging arms 134 
which are engaged by the piston. 

Figure 18 shows a W- shaped engagement means 140. 

Figure 19 shows a T-shaped engagement means 150 but the upper and lower 
siu^aces 152, 154 of the arms 156 are provided with V-sh^ed grooves 158, in 
25 which V-shaped protrusions 160 extend The V-shaped grooves 158 and 

protrusions 160 may be located on the other of the piston and engagement means. 

Figure 20 shows a T-shaped engagement means 170 having an upper surface 172 
with a slot 173 located centrally therein. The corresponding surface 174 of the 
piston includes a rectangular shaped protrusion 176 which extends into the slot 
30 173. 

Figure 21 shows a T-shaped engagement means 190 having a semi-circular 
protrusion 192 located centrally on the upper surface 194. The protrusion 192 need 
not be located centrally and there may be additional protrusions located on one or 
both sides of the centre of engagement means 190, either on the upper surface 194, 
35 the lower surfaces 196, 198, or both. 
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The device of Figure 22 is similar to that of Figure 17 except that the upper 
engagement surface 180 of the piston is not continuous but is provided with an 
openingl82. 

Figure 23 shows a T-shaped engagement means 200, 

Figure 24 shows a T-shaped engagement means 210 having aims 212 and 214. The 
side surfeces 216, 218 of the arms are cxnved, so the width between the surfaces 
216 and 218 is greater at the centre of the engagement means 210 than at either 
end. It wUl be appreciated that the width of the corresponding slot in the piston will 
need to be at least as wide as the widest part of the two arms 212 and 214. 

Figure 26 shows a T-shai>ed engagement means 230 having arms 232 and central 
leg 234. The leg 234 is provided with linear gears 236, 238 on its two surfaces. 
These gears 236, 238 may be used to drive, via rotatable gears mounted on the 
piston, other devices. 

Figure 28 shows a T-shaped engagement means 250 having a centrally located 
linear gear 252 on the upper surface 254, As with the Figure 26 device, this gear 
may be \ised to drive devices mounted on or in the piston. 

Figure 29 shows a V-twin engine 300 having pistons 302, crank 304 and 
connecting means 306 moxmted on the big end 308 of the crank 304. The pistons 
302 are conventional pistons in having a gudgeon pin 310 on which is rotatably 
moimted a connecting rod 312, However the connecting rods 312 have a slot 3 14 at 
their lower end in which the connecting means 306 engages. 

The connecting rods each have a sideways extending arm 316 which engages a 
slider 3 1 8 which shdes in guides 320 parallel to the respective cylinder axis. The 
connecting rod 312 may be integral with the slider 318 or it may be connected by 
way of a pivotable joint 322, as shown. The joint 322 may be a single axis joint or 
a ball type joint In the embodiment shown^ the arms 316 extend parallel to the 
slots 314. However they may extend at any angle. 

The guides 320 aid in stabilising the respective piston 302 because the tolerances 
required can result in the piston 302 rotating very slightly in the bore and cause 
seizing or the like. If very tight tolerances are used, the guides 320 may not be 
needed- The guides 320 may be integral with the crank case or may be separate 
items attached to the crank by way of bolts and the like 

The gudgeon pins 310 of the pistons 302 may be at 90** to the crank axis as no 
rotational movement of the connecting rod 312 relative to the piston 302 will 
occur. Use of the pistons 302 with gudgeon pins 310 allows one to use "off the 
shelf* pistons. 
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Figure 30 shows a schematic layout of a V-twin engine having a primary crank 

330, a big end 332 and a connecting means 334 momted on the big end. Pistons , 
336 are mounted on the connecting means 334 as in the previous embodiments. 

A slave crank, 338 is provided which rotates about an axis 340 parallel to the axis 
331 of the primary crank. A link 342 is pivotably mounted on both the connecting 
means 334 at 344 and the slave crank 338 at 346. The distance of pivot point 346 
from the slave axis 340 is the same as that of the big end 332 from the primary axis 

331. The slave crank 338 and link 342 thus aid in maintaining the connecting 
means 334 in a fixed orientation as the primary crank 330 rotates. It will be 
appreciated that this stabihsation technique may be xised with any of the 
embodiments described herein. 

Figure 31 shows an axial cross-section through a big end 350 and a connecting 
means 352. The connecting means 352 has engagement means 354 which is 
engaged by engagement means 356 and 358 of two separate pistons (not shown). 

Figure 32 shows a similar structure to that of Figure 31 but with a different 
configuration of the engagement means 360 on the connecting means 362 and the 
corresponding engagement means 364, 366 of the two pistons. 

Figure 33 shows a connecting means 370 having two slots 372, 374 in each of 
which is engaged a T-shaped engagement means 376, 378. The engagement means 
376, 378 may be attached to a single piston or to separate pistons. 

Figure 34 shows a connecting means 380 having two slots 382, 384. Each slot has 
a Z-shape which traps the corresponding engagement means 386, 388. 

Figure 35 shows a connecting means 390 having two slots 392, 394 in which are 
received engagement means 396, 398, Located in the slots are roller bearings 400 
to aid movement of the engagement means 396, 398 along the slots 392, 394. It 
will be appreciated that the bearings 400 will be provided at mteivals along the 
slots. 

Figure 36 shows a connecting means 410 in which the piston engagement means 
412, 414 surround the connecting means 410 and engage in downwardly opening 
slots 416, 418. 

Figure 37 shows a connecting means 420 having two sideways opening slots 422, 
424. 

Figure 38 shows a connecting means 430 having a T-shaped engagement means 
432 having arms 434 and 436 which descend divergently. The upper and lower 
surfaces 438 and 440 may be paraUel, as shown in arm 434 and arm 436, or 
divergent. The piston has a series of opposed roller bearings 442 which engage the 
upper and lower surfaces 438 and 440. As examples, &c centre line of the arms 
434 and 436 may be at between 35= and 50° to the bis end axis. 
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Figures 41 to 47 show further variations possible of the connection between the 
connection means and the engagement means of the piston or pistons mounted 
thereon. Roller bearings are shown in Figure 41 and marked B, 

Figure 48 shows a twin piston fluid device 500 having two opposed pistons 502 
and 504 reciprocating in cylinders 506 having a common axis. The pistons 502 and 
504 are rigidly joined by a linkage 507. Two crank shafts 508 and 510 are provided 
having connecting means 512 moimted on respective big ends 514 and 516. The 
connecting means passes through a bore 518 in the linkage 507 which constrains 
the connecting means 5 12 to slide sideways relative to the linkage. Preferably this 
motion is perpendicular to the cylinder axis but need not be so. 

The two cranks 508 and 510 are preferably linked, such as by gears, so that they 
rotate together. As they rotate the connecting means 512 describes a sinusoidal 
vertical motion and so causes the pistons 502, 504 to describe similar motion. 

Figure 49 shows a variation of the Figure 48 device and accordingly like parts are 
numbered the same. 

Whilst the connecting means 512 is free to slide sideways relative to the linkage 
507, there will be some sideways loading on the linkage 507. Accordingly guide 
surfaces 520 and 522 are provided either side of the linkage 507 to prevent 
sideway-s motion- 

Figure 50 shows a variation of the Fibres 48 and 49 devices. In this embodiment 
four pistons 530 are pivotally connected to a slider 540 by linkages 542. The 
pistons are arranged in an X configuration. This may be one with equal angles of 
90"^ between each piston path, as shown, or one where the pistons are not equally 
spaced. Each linkage 542 pivotably connects to the respective piston 530 and slider 
540. The slider 540 is constrained to move vertically by gmdes 520 and 522 and 
does so sinusoidally. 

Figure 51 shows a device 600 similar to the Figures 48 to 50 devices in having two 
cranks 602 and 604 rotating together. An X-shaped connecting means 606 is 
mounted on the big ends 60S and 610 of the two cranks. Four pairs of linked 
pistons 612, 614, 616 and 618 are each mounted on one of the arms 620 to 623 of 
the connecting means. Each arm and its . associated pair of pistons is the equivalent 
of the Figure 48 device. The arms 620 to 623 preferably extend at 90'' to each 
other, but this is not essential. Further it is not essential that one of the big ends be 
mounted to the centre of the connecting means. Preferably the two cranks 602, 604 
are located either side of the centre of the connecting means 606. 

Figure 52 shows a finther embodiment of the invention which includes an opposed 
piston device 700 having pistons 702 reciprocating in cylinders 704. The pistons 
702 are rigidly joined by linkage 706 and so move together. Mounted between the 
pistons is a crank 70S which rotates about axis 710. The crank 708 has a circular 
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disk 712 which is offset from the axis 710, having its centre at 714. Thijs as the 
crank 708 rotates the disk 712 oscillates vertically and horizontally. Mounted on ' 
the linkage 706 are two followers 716. These followers 716 bear against vertical 
siniaces 717 of the linkage and may move vertically relative to the linkage 706 but 
5 not horizontally. The followers have curved surfaces 720 which engage the 
circumference of the disk 712. 

Figure 53 shows a single piston device 730 being a disc engine* This is 
substantially the same as the Figure 52 device, except one of the pistons has been 
omitted, and the same numbers are used. The main bearing 732 of the crank 708 
10 has a split member 734. This member 734 is located in a slot of the piston 
assembly and so aids to stabilise the piston assembly. The main axis of the 
crankshaft is shown at A. 

Figure 54 shows a twin piston device 800 having two pistons 802, 803 at 90 
degrees to each other. However other angles may be used- The pistons 802 and 803 

15 are not in a plane but are staggered axially along the axis 804 of the main crank 
806, The main crank 806 has an offset cylinder 808. The fiarst piston 802 has two 
arms, 810 & 812 extending on either side of the cylinder 808. Mounted on the arms 
are followers 814 which engage the cylinder 808 and which translate the oscillating 
motion of the disk 808 into a reciprocating motion parallel to cylinder axis 816. 

20 Similarly, the second piston 803 has a similar pair of arms (obscured in the 

drawing) which hold followers 820. These followers also translate the oscillating 
motion of the cylinder 808 into reciprocating motion along cylinder axis 822. The 
device also has guide members which engage the pistons to limit sideways motion 
of the pistons. 

25 Figure 56 shows a four cylinder engine 830 having two pairs of linked piston 
assemblies 832. Each assembly 832 has a piston 834 at each end rigidly joined to 
the other by a linkage 838. The pistons 834 of each assembly reciprocate in 
cylinders 836. 

Each linkage 838 has a slot 839 extending in a vertical plane through the linkage 
30 838, Each slot 839 has parallel vertical end walls 841 and located in each slot is a 
slider 844, having parallel vertical end walls 846. Each shder 844 is free to move 
vertically in the respective slot 839. 

A crank 840 extends horizontally through the linkages 838 and the sliders 844. The 
sliders 844 each have a circular opening 848 through which the crank passes. The 
35 crank has a circular cam 842 which has a size corresponding to the opening 848. 
The cam centre is ofifeet from the crank axis and so as the crank 840 rotates, the 
cam centre orbits the crank axis. This causes the slider 844 to move vertically and 
horizontally relative to the crank axis. 
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Vertical motion of the sliders 844 is "lost'* due to the vertical freedom of the sliders 
844 relative to the piston assemblies, whilst horizontal motion causes the piston ' 
assemblies to oscillate horizontally in a tme sinusoidal motion. 

This construction has a number of advantages over existing similar systems. The 
main advantage is that interposing of a slider between the cam 842 and the slot 
walls 841 removes application of point loads, which would otherwise occur. 
Instead the load is transferred over large surfaces from the cam 842 to the slider 
844 and from the slider 844 to the slot 839. 

Figures 57 and 57a show a twin piston engine 850 similar to that of Figure 56 and 
accordingly like parts have the same numbers- In this embodiment, two sliders 852 
are provided, one on each side of the cam 842. Each slider 852 does not contact the 
other and so each is "floating" relative to the other. In the Figure 56 embodiment, if 
the slider 844 rotates relative to the slot 839, there is a tendency for it to jam in the 
slot. The use of a "sphf sUder, \ising two sliders 852, prevents this occurring. If 
one of the sliders 852 rotates relative to the slot 839, then all it does is rotate 
around die centre of the cam 842. 

Figures 58 to 60 show a four piston device 860 having pairs of pistons 862a,b 
arranged at 90^ to each other. Each piston has an extension 864 having end walls 
868 and 870 extending perpendicular to the respective piston axis. The extensions 
864 extend to one side of the piston axis, as best seen in Figure 59, so that the 
pistons of each pair may be positioned in a common plane perpendicular to the 
crank 866. 

The crank includes an ofeet circular cam 872 which engages the four walls 868a,b, 
870a,b, As the crank rotates, the cam 872 causes both pistons 862a, b to reciprocate 
in their respective cylinders, not shown. 

Whilst the Figure 58 to 60 embodiment uses a cam bearing directly on the end 
walls, it will be appreciated that the slider construction of the Figure 56 or 57 
embodiments may be utilised. 

Figures 61 and 62 show a variation of the Figure 58 to 60 embodiment and so like 
parts are numbered the same. 

Two sliders 880 are interposed between the cam 872 and the end walls 868a, b and 
870a, b. Each slider bears on the inner face 868 of one piston and the outer face 
870 of the other piston. As the crank 866 rotates this causes the sliders 880 to move 
both pistons. It will be appreciated that as a piston 862 moves toward the crank 
866, the slider bearing on the respective end wall 870 will push fee piston 862 
toward the crank whilst as the piston 862 moves away from the crank 866, the 
other slider 880 bearing on die inner wall 868 will push the piston away from the 
crank. As with the Figure 57 embodiment, since each shder only bears on one end 
wall of each piston, the likelihood of jamming is reduced. 
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Figure 63 shows a V-twin device 882 similar to that of Figures 58 to 60 in which a 
cam bears directly on end walls of the pistons. As such, like parts have the same ' 
numbers. To aid stability of the pistons 862, guides 884 are provided which engage 
either side of the extensions 864 to prevent sideways motion of the piston relative 
5 to the respective piston axis. 

Figure 64 shows a V-twin device 890 having inlet parts I/P and outlet parts 0/P. 
Each extension 864 is provided with a longitudinally extending slot 892 through 
which the crank 866 extends. The slot 892 allows longitudinal motion but not 
transverse motion. If desired a slider block may be positioned on the crank to 
10 engage the slot walls. 

Figure 65 shows a scotch yoke engine 910 having twin opposed pistons 912, A 
crank 914 has a big end 916 upon which is moimted a slider structure 918 which 
sUdes along guide sifffaces 920, 922 as the crank 914 rotates, thereby causing 
horizontal motion of the pistons* This structure includes two independent pieces 
15 924, 926, These two pieces 924. 926 engage surfaces 920, 922 respectively. The 
split line between the two pieces 924, 926 runs at about 30"*, but may be at any 
angle, 

Figxire 66 shows an X configuration scotch yoke engine 930 having two piston 
assemblies 932, 934. A **splif * sUder assembly 936 engages the shding surfaces of 
20 the two piston assembUes. The slider assembly includes two slider pieces 938, 940 
both of which engage both piston assembUes, However, each piece only contacts 
one sliding surface of each piston assembly. 

Figure 67 shows a tv^^o piece slider assembly 942 mounted on the big end 944 of a 
crank 946, Y/hile the assembly includes parts 948, 950, they are rigidly joined 
25 together by bolts 952, so the structure acts as a unitary structure. 

Figure 68 shows a slider assembly 954 mounted on a big end 956. The assembly 
has two components 958, 960, each of which bears against one of the sides of a slot 
of a scotch yoke type engine. Each of the two components has a loop 962 which 
surrounds the big end and allows the respective component to rotate about the big 
30 end ind^endent of the other. It will be appreciated that the loop may be separate 
from the body 964 of the component and attached by bolts or the like. 



Figure 69 shows a slider assembly 965 comprised of two slider components 966 
^ moimted on cam 968. Each component 966 engages one side of the guide slot of a 

S piston assembly. Each component 966 in tum is comprised of two parts 969, 970 

35 linked by linkages 972. The linkage 972 may be rigidly attached to each 
component or pivotably mounted. 

Figure 70 shows a detail of one side of a sUder assembly in which two parts 969 
and 970 of a slider component are pivotably joined at axis 974. 
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Figure 71 shows one part of a slider assembly having a slider component 976 
which engages an off centre cam 978. The component has a main body 980 and ' 
rollers 982 which normaUy engage surface 984 of the slot and hold the main body 
980 just above the surface 984, As the cam 978 rotates, the velocity of the 
6 component 976 along the surface 984 changes. The separation of the body 980 
from the surface 984 is sufficiently small that at high velocity the body 980 floats 
on a fihn of oil and at low velocity it is supported by the rollers 982, 

Figure 72 shows a slider assembly where the slider component 986 engages the 
cam 988 by way of rollers 990. 

10 Figure 73 shows a multi part slider assembly 992 having parts 993, 994 engaging 
on the sides of slot 995. The two parts are joined by parts 996, 997 which closely 
follow the surface of the cam 998 to aid in maintaining hydrodynamic lubrication 
of the slider parts on the cam. Linkages L are pivotably or rigidly attached. 

Figure 74 shows a sUder assembly 1000 having two parts 1002, 1004 on either side 
15 of a cam 1006. Linkages 1008 join adjacent ends of the two parts 1002, 1004. The 
linkages may be rigidly or pivotably attached to the parts. 

Figure 75 shows a slider assembly having a pivotal linkage 1010 joining diagonally 
opposite ends of a two part slider assembly 1012. 

Figure 76 shows a crank 1014 having a first, circular cam 1016 which is engaged 
20 by slider parts 1018, 1020. A second cam 1022 is located adjacent the first cam or 
is superimposed on the first cam 1016 and engages a cam follower 1024 mounted 
on the respective part once per crank revolution. 

Figure 77 shows a two part slider assembly with each part 1031 having a sliding 
surface 1030 engaging on surface 1032. Each part 1031 also carries a roller 1034 
25 which intemiittently engages a cam surface 1036 on the piston assembly so as to 
move the piston assembly further away from the crank. 

Figure 78 shows a shde and piston assembly with sliding surfaces 1044 and 1046 
respectively. The piston assembly has cam surfaces 1048 which are engaged by 
followers 1050. These followers are connected to pistons 1052 on the sUder so as 
30 to pump out lubricant as needed. It Will be appreciated that the 

cam/follower/pistons may be reversed so the cam surface is on the slider. 

Figure 78a shows a crank 1060 having a main, circular cam 1062 which is engaged 
by slider components 1064. Each slider component has a cam follower 1066. This 
cam follower is intermittently engaged by a second cam 1068 as the crank rotates. 

35 Figure 79 shows a variation of the Figure 78a device in which the cam follower 
1066 drives a pump 1070 to intermittently drive oil to various bearing regions. 
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Figure 80 shows a scotch yoke assembly having a unitary slider 1072 mounted on a 
big end 1 074. The slider 1 072 has an oil pump 1 076 which is intermittently 
engaged by a cam 1078 located on the crank. V signifies the cam surface, N the 
cam follower joioed to the piston S and X is the lubricant passage. 

5 It is to be understood that the various forms of the slider and the engagement 
means on the sliders may be used wiih any of the other forms of the invention in 
any practical combination possible and the various forms are not limited to use 
with the components shown in the specific figures. 

Referring to Figures 81 to 84 there is shown a V-twin fluid device 2010 (Figures 
10 83 and 84) ha\'ing two pistons 20 1 2 reciprocating in cylinders 20 14 at 90° to each 
other, although other angles are possible. A connecting means 2016 is rotatably 
mounted on a big end of a crank (not shown) and slidably engages the two pistons 
2012. 

Each of the pistons 2012 has a T-shaped slot 2018 which extends diametrically 
15 across each piston. The connecting means 201 6 has corresponding T-shaped 
tongues 2020 which engage in the slots 201 8. Each of the tongues 2020 has a two 
part construction - the cross arms are formed of a planar web 2024 which is 
attached to the vertical web 2026 by bolts 2028. 

Located on either side of the slot 201 8 are two axially extending planar webs 2030. 
20 These webs 2030 are diametrically opposite each other and extend perpendicularly 
to the slot 201 8 but do not extend out of the footprint of the piston. The webs 2030 
are integral with the piston body. 

The fluid device has a series of U-shaped guides 2032 which engage the webs 
2030, as seen m Figures 83 and 84. The guides 2032 are rigidly mounted on the 
25 crank case (not shown) and so aid in limiting any wobbhng of the pistons as they 
move witiiin the respective cylinders. 

The guides are preferably located on the crank case by way of a locating pin 2034 
and then bolted via bolt holes 2036. 

The guides 2032 serve to limit movement of the pistons both parallel and 
30 transverse to the slot 20 1 8 and so enable the skirt length of the piston to be 
reduced, if desired. 

Because the webs 2030 are located to the sides of the slot, rather than at one or 
both of its ends, the size of the cravk case need not be any greater than a 
conventional crank case. Further, because the webs 2030 do not extend outside the 
35 footprint of the piston, an existing crank case can be relatively easily modified to 
take the crank and piston asseinbly. 

The webs and the slot 2018 may be formed integrally with the piston 2012 and so 
be formed of the piston material. Alternatively, separate components may be 
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provided and the piston assembly built up from those components. Preferably, the 
bearing surfaces of the slot 2018 and the webs 2030 are suitably treated to provide 
a hard wearing surface or are provided with separate inserts to provide a suitable 
surface. It is to be understood that oil lubrication will be provided to the bearing 
5 surfaces via oil galleries or by oil splashing. 

Figures 85 to 126 show bottom plan views of different configurations of piston 
webs or vertical guide means which may be used with the connecting means 2016 
shown in Figures 83 and 84. The guides which take the place of guides 2032 
corresponding to the vertical webs 2030 of each piston in Figures 81 to 84 are not 
10 always shown, but it will be apparent that the guides need to have a shape 
corresponding to the surface of the webs. 

Figures 85 shows a piston 2040 having a single axial web 2042, The web 2042 
extends perpendicularly to the slot 2018 along a radial line. The web 2042 also 
extends beyond the piston's circumference. The web 2042 may be integral with the 
15 piston or a separate component 

Figure 86 shows a piston 2044 having two parallel webs 2046 extending 
perpendiciilarly to the slot 2018 along a diametrical line. The webs 2046 extend 
beyond the piston bore to engage guides, 2032. Each web is a separate component 
and engages in an axially extending slot 2048 on Ihe piston. 

20 Figure 87 shows a piston 2050 having two separate as opposed to integral webs 
2052 which engage m slots 2054 in t^e piston. Otherwise, this stmcture is similar 
to that of the Figures 81 and 82 pistons. 

Figure 88 shows a piston 2056 with a similar construction to that of the Figures 81 
and 82 piston except that webs 2058 extend beyond the bore of the piston. 

25 Figure 89 shows a piston 2060 having two axially extending slots 2062 which 
engage axially extending webs 2064 moxinted on the crank case., 

Figure 90 shows a piston 2066 having an axially extending web 2068 which is 
located at one end of the slot 2018 and is engaged by a U-shaped g\iide 2070. 

Figvu^ 91 shows a piston 2072 having a single integral web 2074. 

30 Figin-e 92 shows a piston 2076 having three webs 2077, 2078 and 2079. One web 
2077 extends perpendicularly to the slot 201 8 along the centre line of the piston 
2076 whilst the other two webs 2078 and 2079 extend perpendicularly to the slot 
from the opposite side to web 2077, The webs 2078 and 2079 are spaced apart and 
located towards the ends of the slot 2018. All three webs extend beyond die 

35 piston's circxrmference. 
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Figure 93 shows a piston 2080 similar to that of Figure 92 except that the two webs 
2078 and 2079 are much closer together and located toward the centre of the slot ' 
2018. In addition, the single web 2077 remains within the piston*s footprint. 

Figure 94 shows a piston 2082 having two T-shaped webs 2084 extending 
5 diametrically opposite to each other perpendicular to the slot 2018. 

Figure 95 shows a piston 2086 similar to that of Figure 94 but having a single T- 
shaped web 2088 extending from the middle of the slot 2018. 

Figure 96 shows a piston 2090 having two T-shaped webs 2092 which are offset 
from the centre of the slot 201 8. The offset is symmetrical about the piston's 
1 0 centre, but need not be. 

Figure 97 shows a piston 2094 similar to that of Figure 94 except that the T-shaped 
webs 2096 remain within the footprint of the piston. 

Figure 98 shows a piston 2098 having Y-shaped axially extending webs 20100 
which extend from the centre of the slot 2018. 

15 Figure 99 shows a piston 20102 having two webs 20104 extendmg from the centre 
of the slot 2018 but inclined at about 45" rather than 90°. 

Figure 100 shows a piston similar to that in Figure 91, except that there are two 
integral webs 2074. 

Figure 1 0 1 shows a piston 20 1 05 haying four webs 20 1 06 extending 
20 perpendicularly to the slot 2018. Each web is engaged by a respective guide 
member (not shown). 

Figure 102 shows a piston 20107 in which two pairs of L-sh^ed members 20108 
define two axially extending T-shaped slots 20110 with which a T-shaped guide 
member (not shown) engages. 

25 Figure 103 shows a piston 201 12 having two webs 201 14, each of which has a 
concave surfece 201 16 for engaging a complementary guide means. The surfaces 
201 16 may be elliptical, circular or any other shape. 

Figure 104 shows a piston 201 1 8 having two webs 20120 with convex surfaces 
20122. These surfaces 20122 may be elliptical, circular or any other shape. 

30 Figure 105 shows a piston 20124 with two webs 20126 similar to diose of the 
Figure 104 device but in which the webs 20126 are of&et in opposite directions 
from the centre of the slot 201 8. The offset may be symmetrical or asymmetrically. 

Figure 106 shows a piston 20128 with two webs 20130 having convex surface 
20132. A slot 20134 extends inwardly from the convex surface 20132 towards the 
35 centre of the slot 2018. 
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Figure 107 shows a piston 20136 having two webs 20138 extending perpendicular 
to the slot 2018. Both webs 20138 are oSset from the centre of the piston and are, 
opposite each other. 

Figure 108 shows a piston 20140 with two axially extending webs 20142, Each 
5 web has an undulating surface 20 144 which engages a corresponding guide 

surface. These imdulating surfaces 20144 may be arcuate, ellipsoidal or any other 
suitable shape. The shape may be regular or irregular. 

Figure 109 shows a piston 20146 similar to that of Figures 92 and 93 in having 
webs, 20148 which are rectangular in cross-section. However the webs 20148 do 
10 not engage and are not integral with the housing for the slot 201 8, Instead the webs 
extend from the underside of the piston 20146. 

Figure 110 shows a piston 20150 having two webs 20152 extending downwards 
from the main body of the piston separately from the housing for the slot 2018. 
Each web is formed of two arms 201 53, 201 54 which extend at 90^ to each other. 
15 The arms may extend at other angles. 

Figure 111 shows a piston 2072> similar to that in Figure 100, except that webs 
201 55 extend beyond the footprint of piston 2072. 

Figure 1 12 shows a piston 20156 with two axially extending webs 20158. The 
webs 20158 have, in cross section, a mushroom shape. 

20 Figure 113 shows a piston 20160 with two axially extending webs 20162 which do 
not engage the housing for the slot 2018. 

Figure 114 shows a piston 20166 similar to that of Figures 113 but with four 
axially extending webs 20168, Two of the webs 20168 arc located on either side of 
the slot 2018. The arrangement of the four webs is preferably symmetrical about 
25 the centre of the piston. 

Figure 115 shows a piston 20170 with two pairs of guide webs, A first pair 20172 
extends from the ujaderside of the main body of the piston and has a circular or 
elliptical outer surface 201 74, The other pair 20176 extend from the circular 
peripheral surfece of the piston. 

30 Figure 116 shows a piston 20178 having four axial guide webs 20180 extending 
from the circular peripheral surface of the piston. 

Figure 1 17 shows a piston 20182 having a substantially rod shaped guide web 
201 84 extending axially. The guide member 20184 is integral with or mounted to 
the circumference of the piston. 

35 Figure 118 shows a piston 201 86 similar to that of Figure 90 except that two guide 
webs 20188 are provided at one end of the slot 2018. 
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Figure 119 shows a piston 20190 with two guide webs 20192 extending axially and 
generally radially from the housmg of slot 201 8. Each web 20192 has undulating ' 
side surfaces 20194. These may have any shape desired. 

Figure 120 shows a piston 20196 with three guide webs 20197, 20198 and 20199. 
5 The guide web 20197 extends perpendicularly to the slot 2018 whilst web 20198 
and 20199 extend divergently to each other from the slot 2018. Preferably all three 
webs extend radially from the slot 201 8. 

Figure 121 shows a piston 20200 having a single guide web 20202, extending 
axially. The guide web 20202 has concave sides 20204 and planar outer surface 
10 20206. Preferably surface 20206 is parallel to the slot 201 8. 

Figure 122 shows a piston 20207 having three axially extending guide webs 20208, 
20210 and 20212. Guide web 20208 is a simple rectangle in cross section, guide 
web 20210 is F-shaped in cross section, whilst guide member 20212 has a central 
spine with arms 20216 and 20218 extending from its side. The arms 20216 and 
1 5 202 1 8 may have the same or different lengths. 

Figure 123 shows a piston 20220 having at least one roller 20222 mounted on each 
side of the slot 2018 by axle pins 20224. The rollers 20224 engage an axially 
extending guide 20226 mounted on the crank case. The piston may be provided 
with two or more rollers on either side of the slot 2018. 

20 Figure 124 shows a piston 20228 having two rectangular section tubes 20230 
extending axially on either side of the slot 2018. These tubes 20230 are open at 
least one end and receive axially extending guide rods mounted on the crank case. 

Figure 125 shows a piston 20232 having triangular shaped guide webs 20234 
extending axially on either side of the slot 2018. 

25 Figure 126 shows a piston 20236 having a guide web 20238 with triangular indents 
20240 in its two sidewalk. 

Figures 127 to 129 show a piston 20242 with a vertically extending guide bar 
20244 and a horizontal sUde bar 20246. The bar 20244 extends from the lower 
surface of the main body 20248 of the piston 20242, The horizontal bar 20246 is 
30 mounted on an inner side of the vertical bar 20244. The bar 20246 is engaged by a 
suitable engagement means on the coimccting means whilst the vertical bar 20244 
I is engaged by a suitable guide surface mounted on the crank case. 

Figures 1 30 to 1 32 show a piston 20250 with a vertical guide bar 20252 and a 
horizontal bar 20254. The horizontal bar 20254 has a re-entrant slot 20256 for 
35 slideably engaging a corresponding tongue on a connecting means. 

Figures 133 to 135 show a piston 2025S having a main body 20260. Rotatably 
moimted to the main body by a gudgeon pin 20262 is a engagement/guide means 
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20264. This engagement means includes a horrzontally extending pOTtion 20266 
and a vertical extending portion 20268. The horizontal portion includes a slot 
20270 which slideably receives a complimentary tongue on the connecting means 
whilst the vertical portion 20268 is engaged by a guide mounted on the crank case. 
5 It will be noted that the vertically extending portion extends above and below the 
horizontally extending portion. 

Figures 136 to 138 show a piston assembly 20272 with a Z^shaped horizontally 
extending member 20274 which slideably engages a complimentary surface on the 
connecting means. Guide webs 20275 engage guides mounted on the crankcase. 

10 Figures 139 to 141 show a piston assembly 20276 in which a vertical guide bar 
20278 extends from the base of the main body 20280 of the piston. A horizontal 
bar 20282 is mounted on the main body 20280 independently of the vertical guide 
bar 20278. 

Figures 142 to 144 show a piston assembly 20283 having a main body 20284 and 
15 an engagement/guide assembly 20286 mounted to the main body by pins or bolts 
2028S. The engagement/guide assembly 20286 has two vertical legs 20290 and a 
cross bar 20292, Mounted on the cross bar 20292 is a horizontally extending T- 
shaped engagement member 20294 which extends perpendicular to the plane of the 
two vertical guide bars 20290, This member 20294 is engaged by the connecting 
20 means. 

Figures 145 to 147 show an assembly 20296 similar to that of Figures 142 to 144 
and a similar engagement/guide assembly 20300 is moimted to the main body 
20298 of the piston 20296. The assembly 20300 is mounted to the main body 
20298 by a gudgeon pin 20302 which extends in the plane of the two legs 20290. 
25 The assembly 20300 may pivot about the pins 20302. 

Figures 14S to 150 show a piston assembly 20304 having a main body 20306 on 
which is mounted an H-shaped guide assembly 20308. The assembly is mounted to 
the main body 20306 via pins 203 1 0. Mounted on the cross bar 20309 of the 
assembly 20308 is a horizontally extending engagement bar 20312. The bar 20312 
30 is pivotably mounted to bar 20309 via pin 203 14. The bar 203 12 has a T-shaped 
slot 20316 for engaging a T-shaped tongue on the engagement means. 

Figures 151 to 153 show a piston assembly 20318 having a guide/engagement 
means 20320 mounted to the main body 20322 via pin 20324. A cross bar 20326 
extends between vertical members 20328 and includes a T-shaped slot 20330. 

35 Figures 154 to 156 show a guide engagement assembly 20332 having a cross bar 
20334, four vertical guide bars 20336 and a central coimecring bar 20338. There 
are two vertical guide bars 20336 on either side of the cross bar 20334, The cross 
bar has a T-shaped slot 20339. 
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Figures 157 to 159 show an assembly similar to that of Figures 154 to 156 except 
that the cross bar 20340 is T-shaped, rather than having a T-shaped slot. 

Figures 160 to 162 show an assembly 20342 similar to that of Figures 157 to 159 
attached to a piston body 20344 by two pins 20346 so that pivoting is not possible. 

5 Figures 163 to 165 show a piston assembly 20350 having a guide/engagement 
means 20352 mounted on a pin or cross bar 20354 of the piston body 20356. The 
pin or cross bar 20354 may be separate from or integral with the body 20356. The 
assembly is retained on the cross bar 20354 by bolt 20358. 

Figures 166 to 168 show a guide/engagement assembly 20360 similar to that of 
10 Figures 1 54 to 1 56 but retained on the piston body 20362 by two pins 20364. 

Figures 169 to 171 show a piston assembly 20366 functionally identical to that of 
Figures 166 to 168 but in which there is a single unitary structure and only one 
vertical guide bar 20368 on each side of the horizontal engagement bar as opposed 
to two. 

15 Figures 172 to 174 show a piston assembly 20370 similar to that of Figures 127 to 

129 but in which a horizontal slot 20372 is provided for engagement with the 
connecting means. 

Figures 175 to 177 show a piston assembly 20374 having a single vertical guide 
bar 20376 and a T-shaped engagement bar 20378 depending from the guide bar 
20 20376. 

Figures 178 to 180 show a piston assembly functionally identical to the Figures 

130 to 132 embodiment except that the re-entrant slot 20380 is much nearer to the 
piston body 20382. 

Figures 1 8 1 to 1 83 show a piston assembly 20450 having two vertical guide bars 
25 20452 extending from the piston body 20454. A crossbar 20456 is mounted 

inwardly of the bars 20452 and extends horizontally. The crossbar has a diamond 
shaped slot 20458 which receives a corresponding tongue mounted on the 
connecting means. 

Figures 184 to 186 show a piston assembly 20460 haviug a piston body 20462 
30 from which descends a guide bar/engagement assembly 20464. This assembly 
20464 includes a T-shaped engagement portion 20466 having a cross bar 2046S 
which tn turn defines an L-shaped slot 20470 to receive an L-shaped tongue 
mounted on a connecting means, A vertical guide bar 20472 descends from the 
piston body 20462, Preferably the guide bar 20472 is integral with the engagement 
35 portion 20466 but it may be separate. The guide bar 20472 preferably extends 
below the horizontal cross bar 20468. 
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Figures 187 to 189 show a piston assembly 20474 having a piston body 20476 and 
a guide/engagement assembly 20478 pivotably mounted to the body 20476 by 
gudgeon pin 20480. The assembly 20478 has a T-sh^ed portion comprising 
vertical leg 20482 and horizontal cross bar 20484. The cross bar has a T-shaped 
slot 20486 in a side wall 20488 for receiving a corresponding tongue on the 
connecting means. 

Figures 190 to 192 show a piston assembly 20490 having a piston body 20492 with 
four vertical and parallel guide, bars 20494 extending downwards. The four bars 
20494 are located at the comers of a square centred on the centre of the piston* s 
circumference . 

An engagement means 20496 is pivotably mounted on the piston via gudgeon pin 
20498 and is located between the vertical guide bars 20494. The engagement 
means includes a flat cross bar 20500 which may engage in a T-shaped slot on the 
connecting means. 

Figures 193 to 195 show a piston assembly 20502 having a piston body 20504 with 
a guide/engagement assembly 20506 attached to the body 20504 by two pins 
20508. The assembly 20506 has a vertical post 205 10 and a first cross bar 205 12 
having four vertical guide posts 20514, each arranged at one of its comers. 
Mourned to the underside of the first cross bar 20512 is a second T-shaped cross 
bar 20516 which is engaged by a corresponding T-shaped slot on the connecting 
means. 

Referring to Figure 196 there is shown a reciprocating piston device 3010 having a 
crank 3012, pistons 3014 reciprocating in cylinders 3016 and a connecting 
mechanism 3018 rotatably mounted on the big end 3020 of the crank 3012. The 
connecting mechanism 3018 engages intermediate members 3022. Connecting rods 
3024 connects the members 3022 with the respective piston 3014 and the 
connecting rods 3024 are pivotably attached to the piston 3014 and members 3022. 

The intermediate members 3022 have a sliding arm 3026 mounted in a slider 3028. 
The slider 3028 defines a linear slot parallel to the respective cylinder axis 3030, 
The intermediate member 3022 is thus constrained to move parallel to the cylinder 
axis 3030, The connector 3018 is limited to motion relative to the members 3022 
which is perpendicular to the cylinder axis 3030 and so as the crank 3012 rotates 
the pistons 3014 are caused to foUow a tme sinusoidal path. 

Figure 197 shows an embodiment similar to that of Figure 196 and accordingly the 
same numbers are used for like parts. In the Figure 197 embodiment tiie 
intermediate members 3022 engage in sliders 3040 which are pivoted about a 
common axis 3042. This axis is on a line passing through the crank axis 3044 
which bisects the angle between the two cylinder axes 3030, The sUders 3040 may 
be rotated about the axis 3042 so that the sUder axes 3046 are not parallel to the 
cylinder axes 3030. This caiises the intermediate members to travel at an angle to 
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the cylinder axes, so reducing the effective stroke of the device. Sideways motion 
of the intermediate members 3022 relative to the pistons is accommodated by the 
pivotable connection of the respective connecting rod 3024 to both the piston and 
member 3022. The effect is to superimpose a secondary sinusoidal motion due to 
this sideways motion on the sinusoidal motion caused by the rotation of the crank 
3012. 

Figure 198 shows an embodiment similar to that of the Figure 197 except that the 
sliders 3040 are mounted upon separate axes 3050, 3052. As with the Figure 197 
embodiment, movement of the sliders 3040 about then: axes of rotation 3050, 3052 
causes a change in stroke length and motion of the pistons 3014. 

Figure 199 shows a variation in which the intermediate members 3022 engage in a 
unitary slider 3060, which in turn is rotatably moimted on the crank itself; so as to 
be rotatable about the crank axis 3044. Other than i>ositioning of the axis of 
rotation, this embodiment functions identically to the Figure 197 embodiment. 

Figure 200 shows a further variation in which the intermediate members 3022 are 
mounted in sUders 3062 pivoted about axes 3064. As with the Figures 197 and 198 
devices, rotation of the sliders 3062 results in changes to the motion and stroke 
length of the device. 

Figure 201 shows an embodiment having a two part piston 3070, having an outer 
piston 3072 and an inner piston 3074. The outer piston 3072 is equivalent to the 
piston 3014 of the earlier embodiments. The inner piston 3074 is slidably mounted 
in the outer piston 3072 for motion parallel to the cylinder axis. A linkage system 
3076 connects inner piston 3074 to a secondary slide member 3077 mounted in a 
secondary slide 3078. Both the primary slide and secondary sUde are independently 
pivoted about separate axes 3080 and 3082. 

When the axes of the primary and secondary slide are parallel the inner piston 3074 
does not move relative to the outer piston. When the axes are not parallel the inner 
piston moves relative to the outer piston as the crank rotates and the sUding 
members travel along the respective slides. 

It will also be noted that the intermediate member 3022 is pivotably mounted on 
the piston 3072, dispensing with the connecting rod. To provide the necessary 
degree of freedom, there is provided a separate sliding member 3084 which is 
pivotably attached to the intermediate member 3022. 

The two sliders can also be moved sideways along axis 3086 so as to change the 
displacement or die compression ratio of the device. The sideways movement of 
the two sliders may be independent of each other. Pivot points are shown at A, B, 
Cand D. 
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Figure 202 shows a minor variation on the Figure 201 device in which the two 
sliders cannot pivot but can only move sideways. (There are no pivot points A, 
C and D as in Figure 201). 

Figure 203 shows a further minor variation of the invention having an L-sh^ed 
5 intermediate member 3090 rotatably mounted on a slide member 3092. The slide 
member 3092 slides in slide 3094 which is pivoted about axis 3096. The axis 3096 
is not located on the sliding axis 3098. 

(The description for Figra^ 204 follows that for Figure 209, below). 

Figure 205 shows an embodiment similar to the Figure 201 device in which a 
10 linkage mechanism for a valve 3 101 has a rotatable follower 3 100 which rolls 
along a non-linear slot 3102. Thus as the follower moves along the slot 3102, the 
position of the valve 3101 may be varied. The carrier 3 104 is pivoted about axis 
3 1 06 to provide further control of the valve's position. 

Figure 207 shows a variation of the invention and is similar to the Figure 203 
15 device. In the Figure 207 embodiment, slot 3 1 10 is arcuate and an arcuate shaped 
follower 31 12 is provided to slide in the slot 31 10. The carrier 31 14 is piyotably 
moimted by way of an eccentric 3116 about axis 3118. This enables the sideways 
position of the slot 3 1 10 to be varied. The radius of the slot 3110 may be any value. 

Figure 208 is a further variation of the Figure 207 deyice and is similar to the 
20 Figure 207 device except that the slot 3 120 on the carrier 3 122 is not arcuate but 
follows a multi radius path. To accommodate this the slider 3124 includes two 
rotatable followers 3 126. Thus as the slider 3 124 moves along the slot 3 120 it 
moves sideways relative to the cylinder axis. Movement of the sUder 3124 relative 
to the intermediate member 3022 is accommodated by pivotably mounting the two 
25 together at axis 3 128. 

Figure 209 shows a variation of the invention ia which a connecting rod 3 130 is 
pivotably connected to a piston 3 132 and an intermediate member 3 134. As with 
other embodiments, the intermediate member 3134 is movable sideways relative to 
a connector 3136 mounted on the big end 3138 of cra^ 3140, The intermediate 

30 member 3 134 is pivotably coimected to a sUde member 3 142 at 3 143 which slides 
in slot 3 144 of primary carrier 3 146. The carrier 3146 is pivotably mounted on a 
secondary carrier 3 148 at 3 1 50. The secondary carrier 3 148 is movable along axis 
3152. This axis 3152 may be perpendicular to the cylinder axis or at an angle other 
than 90*". As can be seen, the intermediate member 3134 may be moved sideways 

35 so that the line 3 1 54 joining the pivot points 3 1 56 and 3 1 58 of the connecting rod 
lies at an angle other than 90° to the cylinder axis 3159. 

Figure 204 shows a variation of a scotch yoke device haviag a crank 3200, 
cormecting assembly 3202 mounted on big end 3204 and pistons 3206 pivotably 
coimected to intermediate member 3208 by connecting rods 3210. The 
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intermediate member is constrained by frame 3212 which consists of four frame 
members 3214, 3215, 3216 and 3217 which are pivotably mounted together at A; 
B, C and D, The hei^t of the frame is the same as that of the intermediate member 
3208 but the fi^me width is greater so that sideways motion of the intermediate 
5 member 3208 and hence pistons 3206 is possible. The frame is movable vertically. 
Movement of the frame vertically moves the intermediate member 3208 upwards, 
so causing the connecting rods 3210 to pivot upwards and draw the pistons toward 
the centre of the device. Thus the compression ratio of the device is changed whilst 
the stroke remains the same. . 

10 Referring to Figures 210 to 217 there is shown a fluid device 4010 having a crank 
4012 rotating about a crank axis 4013 and two pistons 4014 reciprocating in 
cylinders 4016 in a V configuration. The two pistons 4014 are connected to the 
crank 4012 via a single slider mechanism 4018, which is rotatably mounted on the 
big end 4020 of the crank 4012, The big end 4020 extends between webs 4022 

15 (one of which is shown). The slider 4018 has two T-shaped tongues 4024 which 
slidably engage in corresponding slots 4026 (Figure 215) in the pistons 4014. As 
the crank rotates, the slider 4018 slides relative to the pistons 4014, which are 
caused to reciprocate in the cylinders. 

Extending downwards from the base area of each piston are two guide bars 4028. 

20 These bars 4028 extend on either side of the slider 4018 and slot 4026, In addition^ 
each bar extends below the slot 4026 toward the crank axis 4013. Whilst two bars 
402S per piston are shown, it will be appreciated that only one or more than t^vo 
bars per piston may be used. Where two or more bars are used it is not essential 
that tiiey be located symmetrically relative to the cyhnder/piston axis; the bars may 

25 be positioned to one side of the slot 4026 or asymmetrically on both sides. 

A corresponding number of guides 4030 (Figure 215) are provided for the guide 
bars 4028 and are attached or integral with the crank case. In the embodiment 
shown, each guide 4030 mclndes a U-shaped channel in which the respective guide 
bar 4028 reciprocates. 

30 As best seen in Figures 216 and 217, the big end 4020 is supported by two webs 
4022. The guide bars 4028 are positioned on the piston 4014 to lie between the two 
webs 4022 when viewed from the side. In addition^ as best seen in Figures 210 to 
213, the guide bars 4028 extend along a plane parallel to the cylinder axis toward 
the crank axis 4013. Thus the provision of the guide bars does not require 

35 additional space in the crank case. 

As the crank 4012 rotates, the pistons 4014 reciprocate in their cylinders 4016 and, 
as seen in Figures 210 to 213, the guide bars 4028 move up and down with the 
pistons 4014 into and out of the volume swept by the big end 4020. 

At bottom dead centre (Figure 210) the guide bars 4028 may extend to be jxist clear 
40 of the sleeve 4034 of the slider 4018 and so allow the guides 4030 to lie as close to 
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the swept volume of tiie crank shaft as possible. This allows for a compact 
configuration, with the distance between the piston crown 4036 and crank axis ' 
4013 to be minimised. 

Referring to Figure 218, there is shown a fluid device 5010 having a crank 5012 
5 which rotates about a crank axis 5014 and has a big end 5016 with a big end axis 
5018. Mounted on the big end 5016 is a connecting means 5020, which may rotate 
on the big end 5016 about big end axis 5018. The connecting means 5020 includes 
a linear slot 5022 in which an engagement means 5024 is received The 
engagement means may move along the slot 5022> by sliding, via roller type 
10 bearings or via other means. 

Mounted on the engagement means 5024, or integral therewith, is a piston 5026, 
which is mounted in a cylinder 5028 for reciprocal motion along cylinder axis 



The engagement means 5024 is in the form of a triangular loop and the connecting 
15 means 502:0 is positioned so that the linear slot 5022 always lies with the big end 
axis 5018 between the slot 5022 and the piston 5026. The piston 5026 is 
constrained to move along the cylinder axis 5030 and so, as the crank 5012 rotates, 
the slot 5022 remains horizontal with the connecting means 5020 moving both 
vertically (and moving the piston) and side ways, relative to the engagement means 



The effect of thi s; arrangement is that the crank axis may be moved nearer the 
cylinder head 5032 than otherwise. 

Figure 219 shows a variation of the Figure 218 embodiment in which all parts and 
arrangements are the same except for the engagement means. Accordingly, the 
25 same nimibers are used for the same components. 

In the Figure 219 device, the engagement means 5040 is not a closed loop but is 
open on one side. This may aid in assembly but fimctionally the arrangement is 
identical to that of Figure 218, 

Figure 220 shows a further embodiment which, in some ways, is derived from the 
30 Figure 219 device. 

The Figure 220 device 5050 includes a crank 5052, crank axis 5054, big end 5056 
and big end axis 5058. Connecting means 5060 is rotatable moxmted on big end 
axis 5058. 

Two co-axial cylinders 5062 are provided with respective pistons 5064 mounted 
35 for motion along the common axis 5066. The crank axis 5054 is remote from axis 



5030. 



20 5024, 



5066. 
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The tw-o pistons 5064 are mounted on or integral with a common engagement 
means 5068, which is generally T-shaped with an arm 5070 extending away fix>ni 
axis 5066. Preferably, the arm 5070 extends at 90*" to the axis 5066 but this is not 
essential. Also, preferably, the arm 5070 extends from approximately mid- way 
5 between the pistons 5064, but again this is not essential. 

The arm 5070 engages the connecting means 5060, preferably via a sliding tongue 
and groove or slot arrangement to allow motion of the connecting means along the 
arm 5070. The arm 5070 is preferably linear but need not be. 

The arm 5070 extends past the connecting means 5060 and at its free end has a 
10 guide member 5072 which is mounted on or in guide means 5074, The guide 
means 5074 defines a slot 5076 which extends parallel to axis 5066 and so aids in 
ensuring that motion of the pistons 5064 and engagement means 5068 is parallel to 
axis 5066, Guide member or members 5078 mounted along the axis 5066 also aid 
in stabilising the motion of the pistons 5064* In this embodiment, the pistons 5062 
15 are moimted for reciprocation on the opposite side of big end 5056 from guide 
means 5074. 

Figure 221 shows an embodiment of the device 5080 which is based on the Figure 
218 embodiment but includes two co-axially opposed pistons 5090. 

In this embodiment, there is provided a common engagement means 5082 which 
20 engages the connecting means. The engagement means is effectively the same as 
two of the engagement means of the Figure 218 device joined about a common 
cross-piece 5084. 

Figure 222 shows a further embodiment 5100 having a similar piston, crank and 
cylinder lay-out to the Figure 221 device. In this embodiment, the engagement 
25 means 5 1 02 is Z-shaped but otherwise the device is functionally equivalent to that 
of Figure 221. 

Referring to Figures 223 and 224 there is shown an opposed piston scotch yoke 
device 6010 having a crank 6012, cylinders 6014 on either side of the crank 6012 
and two pistons 6016 mounted on a scotch yoke assembly 601 8, The scotch yoke 
30 assembly 6018 has a slot 6020 in which a slider 6022 shdes. The slider 6022 is 
rotatably mounted on the big end 6024 of the crank. For clarity only half of the 
crank is shown and in practice the big end would extend through the slider 6022. 

The yoke assembly includes two identical pieces 6026a and 6026b. Each piece has 
a centrally located mounting 6028 on which a piston 601 6 moimts, a transverse 
35 section 6030 and a longitudinal section 6032. 

The transverse section 6030 extends generally perpendicular to the cylinder axes 
whilst the longitudinal 6032 section extends generally parallel to the cylinder axes. 



AMENDED SHEH 
IPEA/AU 



ri| ^nii 'j"^; ^1 .ij 



-!i iri megfiBrtfa SBOiily 2001 

928S.<ioc 42 



A channel 6034 extends in the transverse and longitudinal sections 6030, 6032 in 
which the slider 6022 is located. At the free end 6036 of the transverse section ' 
6030 are bolt holes 6038 whilst at the free end 6040 the longitudinal section there 
are bolt holes 6042. The two identical parts are joined with the free ends 6036 of 
5 the transverse sections 6030 engaging the free ends 6040 of the longitudinal 
sections 6032 of the other part. The bolt holes 6038 and 6042 align and the two 
parts are secured together with the bolts 6044 and nuts 6046. 

A tubular spacer 6048 is positioned within the channel through which the bolts 
6044 pass to prevent over tightening and crushing of the slot. 

10 As best seen in Figure 224, the longitudinal sections 6032 have closed ends 6050. 

Figures 225 and 226 show a variation of the Figure 223 and 224 device which is 
functionally identical except that the end 6050 of each yoke part is not closed. 
Instead the channel 6034 extends through the end. This aids in manufacturing as 
the channel 6034 may be easily ground with a grinding wheel, witiiout the ends of 
15 the longitudinal section 6032 limiting movement of the grinding wheel. The end 
6050 of the longitudinal section 6032 is not reqmred to maintain the slider 6022 in 
the channel 6034. 

r 

Figures 227 and 228 show a further variation of the yoke assembly. In this 
embodiment the yoke assembly 6060 is split along the cylinder axis to form two 
20 identical portions 6062a, 6062b. The portions are U-shaped, having a central body 
6064 with axially extending arms 6066. Each portion is symmetrical about a centre 
line perpendicular to the cylinder axis. 

The opposing faces of the two pairs of arms 6066 are each provided with two stud 
holes 6068 and studs 6070 are provided to locate the two halves together. The two 
25 halves are secured together by bolts 6074 which pass through bolt holes 6076 at 
each end of the arms 6066 and screw into the opposing arm 6066. The ends of the 
arms 6066, when joined, form a receptacle 6078 into which the piston is mounted. 
This receptacle allows the piston to rotate about the cylinder axis. 

The assembly also includes joining members 6080. These joining members are 
30 located within the channel and have threaded studs 6082 which extend through 
holes 6084. The members 6080 are secured to the two halves by nuts 6086 and 
serve to resist bending of the two halves of the assembly out of a plane. 

Figures 230 to 233 show conceptually components for building up yoke 
assemblies. 

35 Figure 230 shows a yoke assembly 6090 comprising two non-identical portions 
6092 and 6094. The first portion 6092 has a transverse arm 6096. a piston 
mounting portion 6098 and a central arm 6100. The ends of the transverse arm 
6096 have bolt holes 6102 which extend through the arm 6096 whilst the free end 
of the central arm 6100 has a single hole 6104. 
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The other portion 6094 has a transverse arm 6106, piston moimting portion 6108 
and two arms 6110 extending from adjacent the ends of the transverse arm 6106^ 
The arms 6110 extend from the same side of the transverse arm 6106 and at their 
fi^e ends have holes 61 12. The transverse arm 6106 has a central bolt hole 6114. 

When assembled die central arm 6100 is attached to transverse arm 6106 by a bolt 
passing through hole 6104 into hole 61 14, Similarly arms 61 10 are attached to 
transverse arm 6096 by bolts passing through holes 61 12 into holes 6102, The bolt 
holes 6102 and 6114 may be threaded or mithreaded. Three bolts are required for 
assembly. 

It will be appreciated that this configuration may only be used where the big end 
does not pass through the yoke* 

Figure 231 shows a variation of the twin arm part 6094 of Figure 230. This 
variation allows two identical components to be joined together. The component 
6120 has a tmnsverse arm 6122, piston mountmg 6124 and two arms 6126 
extending from the same side of the transverse arm 6122. Bolt holes 6128 are 
provided in the free ends of arms 6126 and holes 6130 in ends of the arm 6122. 
Two components 6120 may be assembled with holes 6128 and 6130 aligned and 
secured together by a bolt being screwed into or passing through holes 6130. Four 
bolts are required for assembly. 

Figure 232 shows a variation of the Figure 231 embodiment. Figure 232 shows a 
yoke component 6140 having two parts 6142 and 6144. The first part 6142 
includes transverse arm 6146, piston moimting 6148 and a single longitudinal arm 
6150. The other part 6144 corresponds to the arm 6150 and is provided with bolt 
holes 6152 and 6154 for moxmting to the arms 6146, Whilst this construction has 
four parts compared to two in the Figure 23 1 embodiment, the same number of 
bolts is required - only four. 

Figure 233 shows a yoke assembly 6160 comprising two identical parts 6162, Each 
part includes a transverse arm 6164, a piston moimting 6166 and two longitudinal 
arras 6168, 6170. In contrast to the Figure 231 or 232 embodiments, in this 
embodiment the amis 6168 and 6170 extend from c^osite sides of the transverse 
arm 6164. Bolt holes 6172 and 6174 are provided at the free ends and base of the 
arms 6168, 6170 to allow the two components to be joined together. 

Turning now to Figure 234, there is shown a crank mechanism with a main axis 
7001, having two webs 7002, 7003 extending outwards of the main journal 7025, 
The webs support big ends 7005 and 7004 which have their own respective axis. 
The axes are offset to each other by 30° to each other. The crank is used in the 
fluid device of Figure 235 wherein the cylinder axes are at an angle to each other 
of 75°. It can be seen in Figure 235 that the T-bar engagement surface is on the 
piston, with the cavity on the connecting means, the reverse of the arrangemenr 
previously described. 
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Figure 236 shows a scotch yoke type device according to the invention wherein the 
pistons 7008a and 7008b are disposed for reciprocation at 90 degrees about the ' 
main axis 7001, the crank has at least one big end and it has only one axis 7010. 
Note the pistons are constrained to reciprocate along their respective paths A and 
B, and A and B are at 90 degrees to one another. The pistons 7008a and 7008b are 
connected to the crank big end/s 7010, by way of sliding engagement means 7012, 

In this embodinaent, engagement means 7012 are centred on big end axis 7010, For 
each piston 7008a and 7008b, the engagement means 7012 are located to one side 
of the big end axis 7010. 

Figure 237 depicts a V scotch yoke type device according to the invention wherein 
the pistons 7008a, 7008b are disposed about the main axis 7001 at 120 degrees 
from each other. Path B is 30 degrees rotated anti clockwise from being at 90 
degrees to path A. Further, big end axis 7004 is rotated 60 degrees anti clockwise 
from big end axis 7005. As above, big end 7100 is for the motion of the piston that 
travels on the path B and big end 71 10 is for the motion of the piston that travels 
on the path A. 

It will be appreciated that it is best if the pistons reciprocate in a manner that they 
axe one half of a sinewave out of phase fix^m each other. Provided that the pistons 
are of the same mass, the engine will be perfectly balanced. It is also obvious that 
the crank disk and scotch yoke embodiments of the invention that are of V 
configuration may be balanced in the same way and that X, horizontally opposed 
or 180 degiree configuration devices of the invention may also be balanced 
similarly. 

It is also clear that an engine designer may wish to construct a fluid scotch yoke 
type device of a type depicted and described herein wherein a degree of imbalance 
is in some way preferred. Accordingly, the invention includes devices with their 
pistons displaced at not quite one quarter of a sine wave out from each other, say 
up to 10%-20% or even up to 50% of the sine wave out of trae balance. This still 
fits broadly within the scope of the invention. 

For the purpose of this discussion, the engine is a 90 degree vee twin, with the 
cylinders 45 degrees to the left and right of a vertical centre line. The engine is 
assumed to be rotating clockwise so that when the crankshaft is vertical, the left 
piston is going up and the right piston is at the same relative position in its cylinder 
but doing down. 

The engine is assumed to be made up of the following components: 

Crankshaft whose mass is concentrated in two positions namely the counterweight 

and the big-end, 

Conrod whose mass is concentrated in 3 positions, the left slider, the right slider 
and the coimterweigfat directly below the big-end. 
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The left and right pistons whose mass is assumed to be concentrated at the centre 
of their respective bores and some distance above the respective shders. 

The stationary parts of the engine (crank case, block, etc.) are assumed to be rigidly 
mounted so they can be disregarded in considering engine balance issue. 

5 Imagine the engine is assembled, starting as follows: 

Install a crankshaft which is balanced on its own. That is, its centre of mass is at its 
centre of rotation, the main bearing. Clearly this is perfectly balanced. 

Now add the component referred to as the "con-rod". Because the left and right 
slider mechanisms will be above the big-end, the conrod will require its own 
10 counterweight located directly below the big-end if we want its centre of gravity to 
be at the big-end. If to the crankshaft coimterweight is added an amount calcTilated 
fi-om the total mass of the conrod, the centre of gravity can be kept at the main 
bearing and the assembly so far will still be perfectly balanced. 

Note that the conrod maintains the same orientation all the time so tiiat it is in fact 
15 "orbiting". Because its centre of mass is at the big end, it will have no tendency to 
rotate as the crankshaft rotates. If the mass of the conrod counterweight is reduced, 
so that the conrod centre of mass was above the big-end, then the conrod would 
tend to rock as the crankshaft rotated. Provided it is prevented from actually 
rocking, its centre of mass will still describe a circle of the same radius and can still 
20 be perfectly balanced by the crankshaft counterweight 

There is thus a design choice here whether to reduce the load on the slider 
mechanisms by balancing the conrod or whether to reduce the mass of the conrod 
and the mass of the crankshaft counterweight thereby reducing inertial forces 
generally. An alternative would be to prevent the conrod from rotating by other 
25 means such as a second crank mechanism. 

If are now added pistons, the engine is put out of balance. However, because the 
piston motion is perfectly simple harmonic and the pistons are 90 degrees out of 
phase, the two together are exactly equivalent to one piston mass travelling in a 
circle. It is necessary, therefore, merely to add to the crankshaft coimterweight a 
30 mass calculated from the mass of one piston (and adjusted to allow for the ratio of 
crankshaft throw to crankshaft counterweight distance) and the whole engine 
remains perfectly balanced. 

This is easiest to visualise if one tilts one's head to the left so that the left piston 
appears to be moving vertically and the right piston moving horizontally. When the 
35 left piston is at its highest point, the crankshaft counterweight is at its lowest point. 
At the same instant, the "right-hand" piston is at mid- stroke and travelling to the 
right. As far as the horizontal morion of the crankshaft counterweight is concerned, 
it is at midstroke and travelling to the left The crankshaft counterweighT can 
therefore be adjusted to exactly balance both pistons. 
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The centre of mass of all moving parts of the engine remains exactly stationary. 
There are no higher order effects as in a conventional engine- These arise because 
the piston motion is not simple harmonic and the motion of a conventionally driven 
piston is not simple harmonic and the motion of a conventionally driven piston is 
5 not symmetrical near top and bottom dead centre. 

It is also interesting to note that the internal kinetic energy of the slider engine of 
this invention is also constant throughout its cycle. Provided the angle of the 
cylinders is 90 degrees, tiien the combined kinetic energy of tiie pistons is constant 
This means that there is no tendency for the mechanism to resist rotating at 
10 constant angular velocity. 

The following is the theory behind the balancing of the engine with offset big ends. 

A is the angle between the bores of 2 cylinders in a vee engine. 

D is the angle between lines extending fix>m the main axis to the big ends. 

If D is set equal to 2*(A-90), the centre of gravity of the two pistons will be found 
15 to move in a circle so that it can easily be balanced by a counterweight on the 
crankshaft 

If the connecting rods are allowed to pivot relative to the pistons, it is assumed that 
the connecting rods are sufficiently long that the motion of the pistons is simple 
harmonic. Where pivoting is not allowed or limited to very small amounts the 
20 motion will inherently be simple harmonic motion to practical effect 

The mass of the connecting rods is ignored. 

Angles are measured positive anticlockwise from the positive X axis. 

Asstmie the first bore is a 0 degrees. 

The second bore is at an angle A degrees, 

25 When the big end for the first piston is at 0 degrees (so that the first piston is at 
TDC) the big end of the second piston is at D degrees. 

Consider the general case when the big end for the first piston is at R degrees and 
the big end of the second piston is at EHR degrees. 

The X co-ordinate of the first piston is Cos(R) measured with respect to its mean 
30 position. 

The Y co-ordination of the first piston is always zero. 
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The radius of the crankshaft for the second piston is also unit length, but in the 
general case under consideration, the vahie of the radius projected onto the axis of 
the second bore is Cos(A-D-R). 

Since it is of interest only to look at variations in the position of the centre of 
5 gravity of the pistons, the second piston can be taken to be at: 

X=Cos (A-D-R)*Cos(A) 
Y=Cos (A-D-R)*Sm(A) 

The centre of gravity of the two pistons together can be taken as: 

X=Cos (A-D-R)*Cos(A)-k:os(R) 

10 Y=Cos (A-D-R)*Sin(A)+0 

Note that these should both be divided by 2, but this is omitted to simplify the 
appearance of the algebraic expressions. 

It turns out that for any value of A, if D is set at D=2* (A-90), then the centre of 
gravity of both pistons togethei: moves in a circle and can be easily balanced by a 
15 coxmterweight attached to the crankshaft 

That this is the case can be proved by substituting 2* A-1 80 for D in the above 
expressions which become 

X=Cos (A-2*A-M80-R)*Cos(A)+Cos(R) 

Y=Cos {A-2*A+180-R)*Sin(A)+0 

20 which become 

X=Cos (-A+180-R)*Cos(A)+Cos(R) 

Y=Cos (-A+180-R)*Sin(A)+0 

which equals 

X=-Cos (A+R)*Cos(A)+Cos(R) 
25 Y=-Cos(A+R)*Sin(A) 

expanding Cos(A + R) in each case 

X=-Cos(A)*Cos(A)*Cos(R)+Cos(A)*Sin(A)*Sin(R)+Cos(R) 
Y=-Cos(A)*CosCR)*Sin(A)+Sin(A)*Sin(R)*Sin(A) 
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simplifying we get 

X-Sia(A)*(Cos(R)*Siii(A)+Sin(R)*Cos(A)) 

Y-Sin(A)*(-cos(A)*Cos(R)+Sin(A)*(Sin(R)) 

or 

5 X=Sin(A)*Sin(A+R) 
Y-Siii(A)*Cos(A+R) 

This is the equation of a point moving in a circle of radius Sin (A). 

Thus the motion of the two pistons together can be counterbalanced by a single 
mass, equal in mass to one piston mass rotating on a radixis of Sin(A) times the 
10 crankshaft radius. (The fact that there are actually two pistons compensates for the 
factor of 2 which was omitted in the expressions for X and Y above). 

It will be appreciated that when A = 90°, ie a 90'' V configuration, that D = O'', ie, 
the axes of the two big ends are not offset but are coaxial. Thus a 90"^ V 
configxu*ation with a single big end is merely a special case where D = O'', 

15 Figures 238 and 239 show a connecting rod 7200 assembly and a piston assembly 
7300 for use together in a fluid device (not shown) having only one piston 
assembly 7300 mounted on the or each connecting rod 7200, The connecting rod 
7200 has a T shaped engagement means 7202 for sliding engagement with a T 
shaped slot 7304 on the piston assembly 7300. A counter weight 7204 is provided 

20 on one side of the big end journal 7206 to partially or fiiUy counterbalance the 
mass of the connecting rod and the piston assembly located on the other side of the 
big end journal 7206. The piston assembly 7300 also includes a piston crown 7302 
and longitudinally extending guides 7306 for engagement with guide means to 
constrain the piston assembly 7300 to reciprocate along a linear path* It will be 

25 noted that the piston assembly is a made up unit with the various components 
bolted together. Piston crown 7302 is attached to.the central assembly 73 10 via a 
boh 7308; gmdes 7306 are attached to the central assembly 7310 via bolts 7312. 

It will be apparent to those skilled in the art that many modifications and variations 
may be made to the embodiments described herein without departing from the 
30 spirit or scope of the invention. 



Indastrial Applicability 

The invention has industrial appUcability in relation to fluid machines in general 
and more specifically to intcraal combustion engines and pumps. 
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1 . A scotch yoke fluid device which includes: 

a crank including a big end having an axis which orbits about a maia axis 
for the crank; 

5 connecting means mounted on the big end axis; 

at least one piston mounted for reciprocal motion in a cylinder along a 
piston axis, the piston having a cross-sectional area perpendicular to the 
piston axis, the piston having guide means including a linear siniace 
transverse to the piston axis, the guide means engaging engagement means 
10 on the connecting means; and 

at least one restricting means for constraining the piston to move along 
the piston axis; 

wherein the piston guide means bisects the piston cross-sectional area 
and at least part of each restricting means is located within a volume defined 
15 by the piston cross-sectional area projected along the piston axis, but is not 

located along the centre line of the bisection formed by the piston guide 
means. 

2. The device of claim 1 , wherein the guide means includes surfaces which 
extend substantially perpendicularly to the respective piston axis. 

20 3. The device of claim 1 or 2, wherein the restricting means includes a pair of 
members and a line drawn from one member to the other of the pair is 
perpendicular to the center line of the bisection of the piston formed by the 
piston guide means. 

4. The device of claim 1 or 2 wherein the restricting means includes a member 
25 which is located on either side of the bisection formed by the piston guide 

means but not along the center line. 

5. The device of claim 1 or 2, wherein each piston has the restricting means 
formed integrally therewith. 



AMENDED SHEET 
IPEA/AU 



6. The device of claim 1 or 2, wherein each piston has the restricting means 
formed separately jfrom and mounted on the piston. 

7. The device of any one of claims 1 to 6, wherein the restricting means is 
slideably engaged in one or more slidcways monnted on a block for the 
device. 

8. The device of any one of claims 1 to 7> wherein there are two, three> four, five 
or six pistons- 

9. The device of claim 8, wherein each piston has two restricting means which 
are located symmetrically relative to the piston axis. 

10. The device of any one of claims 1 to 7, wherein there are least two such 
pistons, and wherein the guide means of the pistons are disposed on the same 
side of the big end axis. , 

1 1 . The device of any one of claims 1 to 10, wherein the guide means engages the 
engagement means on the connecting means by sliding. 

12. The device of any one of claims 1 to 1 1, wherein as the crank rotates, at least 
one restricting means extends into a volume defined by the swept area of the 
crank projected along the main axis of the cranlc 

13. The device of any one of claims 1 to 12, wherein the linear surface is in a 
plane which is perpendicular to the respective piston axis. 

14. The device of any one of claims 1 to 12, wherein the linear surface is in a 
plane which is other than 90° to the respective piston axis. 

15. The device of claim 13 or 14, wherein the engagement means includes two or 
more parallel linear surfaces which correspond and slide relative to the guide 
surfaces. 
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1 6, The device of any one of claims 1 to 14, wherein the linear surface and/or the 
engagement means includes two or more roller bearings and the guide mearis 
engages the engagement means on the connecting means by sliding. 

1 7, The device of claim 1 5 , wherein the linear parallel opposed guide surfaces 
are located on the connecting means and the engagement means are mounted 
on the piston. 

18- The device of claim 10, wherein there are two or three pistons mounted on 
slider means on each big end axis* 

19. The device of claim 10, wherein the pistons are arranged at equal angles 
about the main axis. 

20. The device of claim 10, wherein the guide means is integral with the piston. 

21 . The device of claim 10, wherein the guide means is located on a separate 
structure mounted on the piston. 

22. The device of claim 21, wherein the separate structure is pivotably mounted 
to the piston. 

23. The device of claim 1 or 10, wherein the main axis of the crank is fixed 
relative to the or each cylinder. 

24. The device of claim 1 or 10, wherein the main axis of the crank is movable 
relative to the or each cylinder, so as to alter the compression ratio and/or the 
timing of each piston in each cylinder. 

25. The device of claim 1 or 10, wherein the main axis of the crank is movable 
relative to the or at least one cylinder, wherein such movement results in a 
change in compression ratio without any change in phase. 
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26. The device of claim 1 or 1 0, wherein the main axis of the crank is rotatable 
relative to tiie or each cylinder about an axis remote from tiie main axis, so ' 
raising or lowering the crank relative to the or each cylinder. 

27. The device of claim 1 or 10, wherein the crank is moveable in a plane 
6 perpendicular to the or at least one piston axis. 

28. The device of claim 1, wherein the connecting means has a non-rotary 
movement relative to the piston and the device including stabilising means 
engaging the connecting means to limit the connecting means to a single 
orientation as it orbits the main axis. 

10 29. The device of claim 28, wherein the stabilising means includes engagement 
of the connecting means with the piston. 

30. The device of claim 28, wherein the stabilising means includes a separate 
linkage pivotably mounted to both the connecting means and a crankcase for 
^ the device, 

15 31. The device of claim 1 , wherein the main axis of the crank is moveable along 
at least one path relative to the cylinder and the engagement means is 
configured such that the piston is neither substantially retarded nor advanced 
when the main axis of the crank is moved along said path. 

32. The device of claim 3 1 , wherein the main axis of the crank moves along a 
20 linear path. 

33 . The device of claim 3 1 , wherein the main axis of the crank moves along an 
arc. 

34. The device of claim 1 , wherein the connecting means has a center of mass 
located on or adjacent to the big end axis. 
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35. The device of claim 34, wherein the crank inchides a counter weight which 
substantially and/or dynamically balances the mass of the connecting means' ' 
relative to the main axis. 

36. The device of claim 1 , wherein the crank has an effective center of mass 

5 which, together with the connecting means and the or each piston, remains 

stationary or substantially stationary relative to the main axis as the crank 
rotates. 

37. The device of claim 1 , wherein the device has at least two such pistons, 
wherein the configuration of the connecting means and the engagement 

10 means is such that the motion of each piston is simple harmonic motion. 

38. The device of claim 1 , wherein the device has at least one pair of such 
pistons, wherein each pair of pistons has a mass the motion of which is 
equivalent to a single mass orbiting in an orbit 

39. The device of claim 38, wherein the orbit is a circle. 

15 40. The device of claim 38, wherein the orbit is an ellipse. 

4L The device of claim 38, wherein the motion of each of the pistons is simple 
harmonic motion. 

42. The device of claim 1 , wherein the big end and the connecting means are 
combined in the form of a circular cam. 

20 43. The device of claim 42, wherein there are two such pistons. 

44. The device of claim 43, wherein the piston axes are at an angle to each other. 

45. The device of claim 44, wherein the angle is 60^ 72^, 90°, 120" or 180°. 

46. The device of claim 1, which includes means for adjusting tiae distance 
between the piston and the engagement means. 
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The device of claim 46 wherein the means for adjusting includes a connecting 
rod mounted to the piston and the engagement means . 

The device of claim 1, wherein, at top dead centre, the main axis Ues between 
the piston and the big end axis. 

The device of claim 1, wherein, when the piston is at top dead centre, a hne 
joining the main and big end axes is parallel to and spaced fix>m the piston 
axis. 

The device of claim 49,wherein when the or one of the pistons is at top or 
bottom dead centre a line joining the main and big end axes is parallel to and 
spaced firom the respective piston axis of the one piston. 

A piston-type fluid device which includes: 

a crank having a main axis and including a big end member having an 
axis which rotates about the main axis; 

at least one piston arrangement having at least one piston moimted for 
15 reciprocal motion in a cylinder along a piston axis, the piston having a 

cross-sectional area perpendicular to the piston axis; 

at least one follower located between the member and the piston for 
transferring motion of the member to the piston, the follower reciprocating 
along a linear path, having a centre line, between two end points; and 

20 at least one restricting means for constraining the piston to move along 

the piston axis; 

wherein at least part of each restricting means is located within a volimie 
defined by the piston cross-sectional area projected along the piston axis, 
but is not located on the centre line between the two end points. 
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52. The device of claim 5 1 , wherein each piston arrangement has two surfeces. 

53* The device of claim 52, wherein there is a single follower for each piston and 
the follower bears on both surfaces. 

54. The device of claim 52, wherein the member bears on one stirface and the 
follower on the other surface, 

55. The device of claim 52, wherein there are two followers, each of which bears 
on one of the respective surfaces. 

56. The device of claim 5 1 , whereia each piston arrangement has one piston. 

57. The device of claim 5 1 , wherein each piston arrangement has two pistons. 

58. The device of claim 5 1 , whereia each piston arrangement has two pistons and 
one follower located between the two pistons. 

59. The device of claim 5 1 , wherein the follower is a circular cam having its 
centre offset fix>m the main axis. 

60. The device of claim 5 1 , wherein there are two or. more piston arrangements 
for each big end member. 

6 1 . The device of claim 5 1 , wherein there are two piston arrangements, the piston 
axis of one piston in the first arrangement being at an angle to the piston axis 
of one piston in the second arrangement. 

62. The device of claim 5 1 , wherein the angle is 90°. 

63. The device of claim 62, wherein there are two followers, each of which 
engages pistons in both piston arrangements. 

64. A fluid device, which includes: 
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a craiik including a big end having an axis which orbits about a main axis 
for the crank; 

connecting means mounted on the big end axis; 

at least one pair of pistons, each piston being mounted for reciprocal 
5 motion in a respective cylinder along a respective piston axis, the piston 

axes of each pair being at 90*^ to each other, each piston engaging 
engagement means on the connecting means; 

wherein each pair of pistons has a mass the motion of which is 
equivalent to a single mass orbiting in an orbit; 

10 the centre of mass of the connecting means is located on or adjacent the 

big end axis; and 

the crank includes a counter weight located generally diametrically 
opposite the big end and a centre of mass remote from the crank axis, the 
counter weight including the equivalent of: 

15 a first mass to statically and/or dynamically balance all or part of the 

mass of the big end bearing relative to the crank axis; 

a second mass to statically and/or dynamically balance all or part of the 
mass of the connecting means relative to the crank axis; and, 

a respective third mass to statically and/or dynamically balance all or 
20 part of the mass of each pair of pistons relative to the crank axis. 

65. The device of claim 64 wherein the orbit is a circle and the third mass 
preferably statically and/or dynamically balances the mass of the pistons. 

66. The device of claim 64 wherein the orbit is not a circle and the third mass 
balances the mass of the pistons in a first direction- 

25 67, The device of claim 66 wherein the first direction is parallel or perpendicular 
to a bisector of the axes of each pair of pistons. 
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68. The device of claim 64 including means to substantially prevent rotary 
motion of the connecting means relative to the piston. 

69. A fluid device, which includes: 

a crank including a big end having an axis which orbits about a main 
5 axis; 

connecting means mounted on the big end axis; 

at least one piston mounted for reciprocal motion in a cylinder along a 
piston axis; 

intermediate coimecting means interconnecting the at least one piston 
10 with the connecting means; and 

means for adjusting the position of the intermediate connecting means 
relative to the at least one piston or the connecting means or both. 

70. The device of claim 69 wherein the means for adjusting includes a slot, 
groove or surface which engages the intermediate connecting means. 

15 71. The device of claim 70 wherein the intermediate connecting means engages 
in or with guide means to stabilise the at least one piston in the cylinder. 

72. The device of claim 71 wherein the means for adjusting includes the guide 
means. 

73. The device of claim 71 wherein the guide means are separate from the means 
20 for adjtisting. 

74. The device of claim 69 wherein the means for adjusting is movable 
transversely or longitudinally relative to the cylinder axis or both. 

75. The device of claim 71 wherein the guide means is rotatable about an axis. 

76. The device of claim 69 wherein the means for adjusting includes a linear, 
25 single radius curved or multi-radius curved slot/s, groove/s, surface/s or the 

like or any combination of the foregoing. 

77. The device of claim 69 wherein the intermediate means includes sUding or 
rolling contact members to engage the means for adjusting. 

78. The device of claim 69 wherein the means for adjusting is movable to change 
30 the effective stroke of the pistons, the effective compression ratio of the 

device or the position/time path followed by the pistons or a combination of 
any of the foregoing. 
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79, A yoke assembly for a scotch yoke type fluid device having opposed pistons 
reciprocating in opposed cylinders having parallel cylinder axes, the yoke , 
assembly mounted on the two pistons and tacludiag an engagement portion 
for receiving an engagement member rotatably moxinted on a big end of a 

5 crank shaft and in which the engagement member reciprocates as the crank 

rotates, said engagement portion being split into two parts. 

80. The yoke assembly of claim 79 wherein the engagement portion includes two 
parts joiaed together along a plane generally parallel to the cylinder axes or a 
plane generally perpendicular to the cylinder axes. 

10 81. The yoke assembly of claim 80 wherein the two parts are identical. 

82, The yoke assembly of claim 80 wherein only two fixings are required to 
securely hold the two parts together. 

83. The yoke assembly of claim 79 wherein the engagement portion includes two 
surfaces forming a channel in which the engagement means reciprocates. 

15 84. The yoke assembly of claim 83 when dependent on claim 92 whereta each 
channel is defined by only one of the parts. 

85. The yoke assembly of claim 80 wherein each part iacludes legs which extend 
and engage the other part. 

86. The yoke assembly of claim 80 iQcluding legs located at the ends of the 
20 chaimeh 

87. The yoke assembly of claim 80 including a leg positioned adjacent the 
channel at a mid-point. 

88. A piston arrangement for a fluid device, the arrangement including : 

a piston mounted for reciprocal motion in a cylinder along a piston axis, 
25 the piston having a cross-sectional area perpendicular to the piston axis, 

the piston having guide means including a linear surface the plane of 
which is transverse to the piston axis, the guide means adapted to engage 
engagement means on a connecting means mounted on a big end axis; and 

at least one restricting means for constraining the piston to move along 
30 the piston axis; 

wherein the piston guide means bisects the piston cross-sectional area and 
at least part of each restricting means is located within a volume defined 
by the piston cross-sectional area but not along the centre line of the 
bisection formed by the piston guide means. 
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89- The arrangement of claim 88, wherein the linear surface includes two or 
more rollers. 

90, The arrangement of claim 88 or 89, wherein the restricting means are integral 
with the piston, 

5 9 K A scotch yoke fluid device which includes: 

a crank including a big end having an axis which orbits around and 
is parallel to a main axis for the crank; 

at least one piston arrangement which includes: 

a piston mounted for reciprocal motion in a cylinder along a piston 
10 axis which is in a plane substantially perpendicular to the big end axis 

and the main axis, the piston having a cross-sectional area which is 
perpendicular to the piston axis; and 

a scotch yoke element chosen from the group comprising a 
channel, a rail, a channel and a rail, a bore and a bore and a rail, the 
15 element defining a longitudinal path, the big end reciprocating along the 

path relative to the piston between two end points, the scotch yoke 
element being integral with the piston or connected thereto via 
connecting rod means; and 

restricting means adapted to move along a defined path and to 
20 constrain one or more of the piston, the scotch yoke element and the 

connecting rod means to move along the defined path, 

characterised in that at least part of the restricting means is located 
transversely of the longitudinal path of the scotch yoke element and 
within a volume defined by the piston cross-sectional area, projected 
25 along the piston axis. 

92. The device of claim 91, wherein the restricting means includes a pair of 
members, one of which is located on an opposite side of the scotch yoke 
element to the other, 

93. The device of claim 92, wherein the members lie on a line which is 
30 perpendicular to the longitudinal path. 

94. The device of claim 91, wherein there are two pistons, each reciprocating in a 
dual chambered cylinder closed at each end, a combustion chamber being 
defined between each piston and the cylinder end. 
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95 . The device of claim 9 1 , wherein there are two pistons for each big end, the 
piston axis of one piston being in a plane different from that of the other 
piston* 

96. The device of claim 95, which includes at least one lubrication duct to supply 
lubricant to the scotch yoke element. 

97. The device of claim 13 or 14, wherein the linear surface and/or the 
engagement means includes two or more roller bearings and the guide means 
engages the engagement means or the connecting means by rolling or by both 
rolling and sliding. 

98. The device of claim 91, wherein there are two cylinders and the main axis is 
adapted to be moved towards or away from the cylinders, 

99. The device of claim 9 1 , which further includes a slave crank having an axis 
which is parallel to the main axis to stabilise the device. 

100. The device of claim 91, which includes a further crank, the two cranks being 
joined by means to cause the cranks to rotate together. 

101. The device of claim 100, wherein the means joining the cranks are gears. 

102. The device of claim 91 wherein there are two pistons arranged in a pair, both 
pistons being positioned in a common plane perpendicular to the crank. 

103. The piston arrangement of claim 88, wherein the linear sxn^ace extends 
diametrically through the cross-sectional area. 

104. The piston arrangement of claim 88, wherein the linear surface is provided 
with lubrication by lubrication means. 

105. The device of claim 91, whereia the restricting means includes a web which 
has a cross-sectional shape chosen from the following: square^ rectangular, 
elliptical, circular, arcuate, imdulating, mushroom, rod and *T'\ 

106. The device of claim 91, wherein the restricting means has a length which 
extends above and below the scotch yoke element. 

107. The device of claim 91, which includes second restricting means being part 
of, moxmted on or connected to the scotch yoke element and adapted to 
constrain the scotch yoke element to move along the longitudinal path. 

108. The device of claim 107, wherein the second restricting means is adapted to 
pivot. 

109. The device of claim 1 or 91, wherein the or each piston is moimted on an axis 
which is different from but perpendicular to the main axis. 
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1 10. The device of any one of claims 1 , 51, 64, 69 or 91 wherein the motion of the 
or each piston is simple harmonic motion* , 

111. The device of claim 47, wherein the means for adjusting is pivotably moimted 
to the piston or the engagement means, 

112. The device of claim 95, wherein the two pistons lie in a single plane. 

113. The device of claim 100, wherein the means joining the cranks is a 
connecting means pivotably momated to the big end of each crank. 

1 14. The device of claim 1, wherein the restricting means has a length which 
extends above and below the linear sur&ce, 

115. The device of any one of claims 1, 51, 64, 69 or 91, wherein the device is part 
of an engine or pnmp. 

1 16. The device of any one of claims 1, 51, 64, 69 or 91, wherein the restricting 
means is restrained by means located in a volxnne defined by the area swept 
by the crank projected along the main axis of the crank, 

117. The device of claim 1 or 91 wherein there are two big ends, each having a big 
end axis, an angle D is fomied between the first big end axis, the main axis 
and the second big end axis, the angle D being 0"^ or more, and wherein there 
are two piston arrangements, a first piston arrangement being on the first big 
end and the second piston arrangement being on the second big end, the first 
piston arrangement having a first piston axis and the second piston 
arrangement having a second piston axis, the angle between the first piston 
axis and the second piston axis being A, wherein, in balancing the device, the 
angle D is set at 2(A-90) degrees. 

118. A piston-type fluid device, substantially as herein described, with reference to 
the drawings. 

1 19. A yoke assembly for a scotch yoke type fluid device, substantially as herein 
described, with reference to the drawings. 

120. A piston arrangement substantially as herein described with reference to the 
drawings. 
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As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 

first and joint inventor (if plural names are listed below) of the subject matter which is claimed and for 

which a patent is sought on the invention entitled 

RECIPROCATING FLUID MACHINES 

the specification of which 

(check one) 

□ is attached hereto. 

\El was filed on 3 April 2000 as United States Application No. or POT International 

Application Number pct/auoo/00281 

and was amended on 28 September 2001 

(if applicable) 

I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or 
Section 365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of 
any PCT International application which designated at least one country other than the United States, 
listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate or PCT International application having a filing date before that of the application 
on which priority is claimed. 
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PP9573 Australia I April 1999 □ 
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PQ0287 Australia 11 May 1999 ^ 

(Number) (Country) ( Day/Month A'ear Filed) 

PQ0795 Australia 4 June 1999 q 

(Number) (Country) (Day/Month/Year Filed) 



Form PTO-SB-01 (9-95) (Modified) 



P02/REV02 



Patent and Trademark Office-U.S. DEPARTMENT OF COMMERCE 



' > ^ O ini ;;;;;; y y , „ 3 ;;g^g,^f, 3 

I hereby claim the benefit under 35 U.S.C. Section 119(e) of any United States provisional 
application(s) listed below: 



(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 


(Application Serial No.) 


(Filing Date) 



1 hereby claim the benefit under 35 U. S. C. Section 120 of any United States application(s), or 
Section 365(c) of any PCT Intemational application designating the United States, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 
U.S.C. Section 112. [ acknowledge the duty to disclose to the United States Patent and Trademark 
Office all information known to me to be material to patentability as defined in Title 37, C. F. R., 
Section 1.56 which became available between the filing date of the prior application and the national 
or PCT International filing date of this application: 



(Application Serial No.) 


(Filing Date) 
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(patented, pending, abandoned) 
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(Filing Date) 
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(Filing Date) 
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I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 

connected therewith, (list name and registration number) 

John S. Pacocha Reg. No. 25197 

Richard Eugene Dick Reg. No.JlZIg.^ 

Richard D. Harris Reg. No,22B9S^ 

Howard E. Silverman Reg, No.,33422 

Douglas B. Teaney Reg. No._2145? 
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James K. Cleland Reg. No. 44619 

Brad R. Bertoglio Reg, No. 47422' 
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John S. Pacocha 

LAW OFFICES OF DICK AND HARRIS 



ISlja ^Madison St, Smfe^ mHT 
Chicago, IL 60602 



Direct Telephone Calls to: (name and tefeptione number) 
John S. Pacocha (312) 726-4000 



Full name of sole or first inventor 
Peter Robert Raffaele 
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Residence 

Killarney Heights, New SoaUxJffiaIgg, Australia 



Citizenship 
Australian 



Post Office Address 
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Full nanne of second inventor, if any 
Michael John Raffaele 
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